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Proceedings of the inaugural meeting of the Indian Roads 
Congress held at New Delhi on the 10th to 13th 
December 1934. 


The Indian Eoads Congress met at the Town Hall, New Delhi, at 
Eleven of the Clock, on Monday the 10th December 1984. The following 
delegates were present: — 

PnOVINCES. 

Madras. 

Mr. A. Vipan, Special Enpneer for Eoad Development, Madras. 

Mr, D. Daniel, District Board Engineer, Tinnevelly. 

Bombay. 

Mr. L. E. Greening, Deputy Secretary, P. W. D'., Bombay. 

Mr. N. V. Modak, City Engineer, Bombay Corporation, 

Bengal. 

Mr. D. J. Blomfield, Chief Engineer, P. W. D., Calcutla 
Mr. V. A. Stein, Superintending Engineer, Calcutta. 

Mr. Pramatha Natli Pe, District Board En^cer, Burdwan. 

Vnitod Provinces. 

Mr. 0. F. Hunter, Superintending Engineer, Lucknow. 

Mr. S. S. Bhagat, Executive Engineer, Meerut. 

Mr. A. Eastmond, M.C., Executive Engineer, Agra. 

Pvnjab, 

Mr. D. Macfarlane, Chief Engineer and Secretary to Government, 
P. W. D., Lahore. 

Mr. S. G. Stubbs, O.B.E., Superintending Engineer, Ambnia. 

Mr. S. Bashiram, Executive Engineer, Ambnia. 

Mr. G. W. D. Bi’eadon, District Board Engineer, Gurdospur. 

Bvrma. 

■Mr. 0. H. Teulon, Chief Engineer, P. W. D., Bnngoon. 

Mr. H. Hughes, ^Superintending Engineer, Eangoon. 



Bihar and Oriaaa. 


Mr. J. G. Powell, Cliiel Engineer, P. W. D., Palua. 

Mr. N, G. Dunbar, Deputy Ghict Engineer, Patna. 

Captain G. P. Hall, M.C., Superintending Engineer, MuzalTarpur. 

Central Provinces. 

Mr. H. A. Hyde, M.C., Cliief Engineer, and Secretary to Goveruiuent, 
P. W. D.jHagpur. 

Eai Bahadur Sunderlal, Superintending Engineer, Nagpur. 

Mr. P. V. Chance, Superintending Engineer, Eaipur. 

Assam. 

Mr. B. E. Taylor, V.D.; Offg. Chief Engineer, Shillong. 

Mr. 6. Eeid Shaw, Superintending Engineer, Shillong. 

Mr. K. E. L. Pennell, Assistant Chief Engineer, Shillong, 

North-Wcsl Frontier Province, 

Mr, G, A. Jr. Brown, O.B.E., Superintending Engineer, D. T, Khan. 

Delhi, 

LIr. S. N. Chaliravarty, Jlunicipnl 3'ltigineer. 

Central P. ir. D. 

Mr. A. Itrebner, G.I.E., Chief Engineer. 

Mr. E. T. Jones, C.T.B., M.V.O., Superintending Engineer. 

Mr. A. Croad, Superintending Engineer. 

Sardar Bahadur Sardar T. S. Malik, C.I.E., Superintending Engineer. 
Mr. A. W. H. Dean, JI.C., Execulirc Engineer. 

Khan Bahadur M. Z. A. 3*'aruqi, Executive Engineer. 

Sardar Uttam Singh, Executive Engineer. 

Mr. M. A. Abbassi, Assisi ant Engineer. 


Military Engineer Services, 

Miijor W. B. JVhishaM', M.C., E.E., Army Headquarters, Simla. 
Lt. Col. A. V. T. JYakely, D.S.O.. JLC.,’ G.E.E., Peshawar. 

Lt. Col. E. L. Parley, M.C., E.E., C.E.E., Lucknow. 

Captain W. B. Eobertson, E.E., GaiTison Engineer (Civil) Quetta. 
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IxDiAN Status. 

Hyderabad. — H. M/. Sur.iti, Divisional Engineer, Eoads. 

Mysore. — ^Diwan Bahadur N. N. Ayyangar, Chief Engineer and Secre- 
tary to Government, P. ‘W., Eail^vay and Electrical Departments. 

(freah'or . — ^Bai Bahadur S. N. Bhaduri, Chief Engineer, (P. W. D.). 

Baroda. — Mr. V. E. Talvarltar, Ag. 'Chief Engineer. 

Travancore. — Mr, G. B. E. Trusc'otfe Chief Engineer. 

Patiala. — ^Eai Bahadur A. P. Varma, Chief Engineer. 

Jodhpur. — ^Mr. S. G. Edgar, Superintending En^eer, 

Jaipur. — P. L. Bowara, C.LE., M.C., State Engineer. 

Indore. — ^Mr. G. P. Bhandarkar, Chief Engineer. 

Bhavnagar. — ^Mr. Ghooghari, State Engineer. 

Kolhapur. — ^Mr. D. G. Sowani, Executive Engineer. 

Patna (Orissa State). — ‘Mr. D, V, W. Ottley, Chief Engineer 

Kashmir. — ^Mr. Kishen Chand, Chief Engineer. 

Business BEPKESENTAaTVEs, 

Mr. G, L. W. Moss, Dunlop Eubber Company, Bombay. 

The Honourable klr. E. Miller, J.P., President, The Indian Eoads and 
Transport P_evelopment Association. 

Mr. E. O. Austin, Ford Motor Company, Bombay. 

Mr. W. B. Gunnell, Chief Engineer, Ford & Macdonald, Ltd., 
Cawnporo. 

Mr. J. M. Fetters, William Jacks and Cp., Bombay. 

Mr. C. D. N. Jleares, Standard Vacuum Oil Go., Calcutta. 

Mr. G. G. C. Adami, Burmah Shell Company, C.aloutta, 

Mr. H. E. Ormerod, Vice-President, The Indian Eoads and Transport 
Development Association. 

Lt.-Col. H. C. Smith, O.B.E., M.C., M.L.C., General Secretary, The 
Indian Eoads and Transport Development Association. 
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Mr. W. J. Turnbull, tho Conorote Association, 33oin)jay. 

llr. T. C. Marschaliio, Texas Company, Bombay. 

Mr. W. H. Xcrr, Shaw Wallace and C'o., Bombay. 

Colonel G. E. Sopwitb, Tux-uer iloirison and Co., Cnlcuiliv. 

Mr. Nurmahomod IM. Cliinoy, The Bombay Garage, Bombay. 

^Ir. A. S. do Mcllo, Gwalior and Nortbcrn India 'JVansjxort Company, 
New Delhi. 

Mr. W. H. llowliinds, Burmah Shell Company, New Delhi. 

Mr. W. Brodio, Burmah Shell Company, JCarachi. 

Mr. R. W. 1’nrUInn‘sl. A.M.I.E.. (Ansi.), 'IViiiidnd Labe ApjiliaU 
Operating Company, .Sydney, N.S.W-. Australia, 

Rai Sahib L. Hnxi Clinnd, The Concrete Association, Lahore. 
Govi:nNMr..N-T or Ikdia, 

Mr. K. G. Mitchell, C.I.E., Consulting Engineer (Ronds). 

Mr, R. G. Burt. Assistant Director, Tncpcelion, Indian Rtorep Depart- 
ment. 
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The HoNOORABiiB Sir Erank Noyce, K.C.S.I., G.B.E., I.C.S., Member 
for Industries and Labour, in opening the proceedings spoke as follows: — 

trEKTIiEMEN', 

I have very great pleasure in welcoming you on behalf of the Govern- 
ment of India and in wishing all success to your meeting. I trust that' 
none of you is any the worse for the strenuous tour Mr. Mitchell, who 
never spares himself and, I imagine, is equally unsparing of others, 
arranged for you last week and that you found it both mteresting and 
instructive. 

This, I feel, is an occasion the significance of which is worth empha- 
sising as it may well mark the beginning of an organisation of real value 
which should' exercise a gr-eat' i^uence on the development of road 
communications in India, not only in regard to their quality but also 
in regard to their cost. I should like, at the outset, to emphasise the 
purely professional, and scientific 'character of the agenda which has 
been placed before you. You are not concerned with that very difficult 
problem, competition between road and rail transport; with the question 
to what extent development pf onr road systems from loan funds is 
desirable; with economic planning and the like. Those are questions 
which will come up for consideration next month by the Transport 
Advisory Council which, like your Congress, will then be meeting for 
the first time. You as Engineers are concerned with technical rather 
than administrative questions and incidentally Buth the desirability of 
forming yourselves into a continuing organisation for discussing them. 

I have thought it desirable to lay some stress on this point as I feel 
that there has been some misunderstanding about the precise scope and 
aims of this Congress which it is advisable to remove. 

. We have been distinctly embarrassed by the wealth of applications 
to attend this meeting. We could not possibjy invite all those who 
desired to come. All We could do was to arrange to the best of our 
judgment for a reasonably representative meeting which could itself draw 
up proposals for the composition and organisation of future gatherings 
,of this character. I think "we can claim that we have succeeded in our 
object. 

There are here to-day Chief Engineers and public works officers from 
every province and a number of States ; officers of the Military Engineering 
Services; Municipal and District Board Engineers; and last, but by no 
means least in importance, for I regard non-official co-operation in this 
matter as essential, representatives of the business side of road construc- 
tion and road transport. I cannot but think that your vej’dict regarding 
the value of a permanent organisation and the shape it should assume 
will be unhesitatingly accepted as authoritative. 

It i.s hardly necessary to remind a gathering such as this that, since 
the dawn of history, roads have been of the first importance to civilisation 
and indeed a measm’e of its progress. Our archoeologists are piling up 
more and more evidence of the truth of that statement. At Harappa 
In the Punjab, they have found a model in copiDer of a two wheeled cart 
very similar to the bullock cart of the present day. What was good 
enough for the Indian ryot four thousand years ago he still thinks good 
enough to-day. Inscriptions discovered at Babylon show that 2,600 years 
ago both Nebuchadnezzar and hie father built roads “of shining dust 
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made strong with bitumen and burnt brielw as a high lying road ’ — a type 
of conatruction recently revived in ihe Punjab and elscwhero in India. 

I should be more or less than human il 1 refrained from mentioning 
the Roman Road. The Romans 'vere empire builders in a different way 
than they realised and I hold it not too materialistic an interpretation 
of their achievement to say that all their gifts and bonds of law, language, 
literature, or administration would have been either impossible or im- 
permanent had they not been bound together by their system of roads. 
You know the Roman symbol which has been given so widespread and 
impressive a restoration of late years — ^thd rods and axes. The rods are 
bound together and anything that is to last must liavo some binding. A 
jsystem ot communications plays that part. As Hilaire Belloc puls it 
“It is the road which is the channel of all trade and, what is more 
important, of all ideas. In its most humble function it is a necessary 
guide without which jirogress from iilaoo to place would he a ceaseless 
experiment; it is a sustonniice without which organised society would be 
impossible; thus, and with thosi- other characters T have mentioned, the 
road moves and controls all history”. 

The invention about a hundred a cars ago of a specialised foim of road, 
the rail-mad, divested the public highway for the time being of much of 
its importance But, a later im'cntion. that of the internal combustion 
engine caused the ]ienduliim to swing back again. Ronds have resumed 
their place in the economic system and the commerce and industry that 
the niiUvnys haA'e made possible have enormously increased the comple- 
mentary uses to ■which they can now be put. There has in consequence 
been a great revival of interest in them, a revival which has brought 
into existence" a whole sheaf of new problems. That brings me 
to some consideration of the character of those problems and the position 
of the Government of ludia in regard to them. 

Roads, a.s you all Imow, are a provincial transfeired subject but I 
think I may say that it was the realisation of their national importance 
which led to a Resolution in both BTouses of the Indian Legislature in 
February 1927, as a result of which the Indian Road DeA'clopmeut Com- 
mittee (tlie Jayakar Committee) w'as ai)pointed. That Committee report- 
ed in 1928 and theii- report, has been the basis of all that we in the 
Government of India haA*e since been able to do in this field. I am sure 
that most, if not all, of you have I’ead it and that you will remember that, 
after stating the reasons Avhy tlie rend system of India ought to be 
deA'oloped, the Committee suggested that the task was passing beyond 
the capacitj’ of local GoA'ernments and local bodies and %A'as becoming 
a matter of national interest, expenditure on Avhich might to soinh extent 
be a proper charge on Central revenues. They tlierefore recommended 
a' surcharge of two annas per gallon on petrol, and it is from this that 
the present Road Account deriA-^es its sustenance. It is in accordance with 
some of their other recommendations that part of the account has been 
placed at Ihe disposal of the GoAwninent of Indi.a — on the adA’iee of a 
Standing Committee of the Cenfr-al Lecislature— and that from this 
rospiwe proA’ision ii« made for re’senreh and expeiiment. It is of sponial 
interest to us to-dav to note that thev advocated periodical road confer- 
ences to disenss. amongst other things, technical questions relating to road 
constniotion and maintenance 



1 should lihG) hi passing, to oftcr a tribute to the reuiavkahle comjire- 
. hension and foi-esight displayed in the report ol this Conimiltco which 
Initl well and truly the foundations of all that the Government of India 
have been able to do in recent years to assist the provinces to develop 
their road conununications, 

Ju following their recommendatious we were handicapped to some 
extent by the fact that the amingements they suggested were introduced 
in tlie first* inslauee foi’ five years only. During that time we thought 
it best to confine ourselves to immediate problems and to avoid elaborating 
a structure which might shorth’- have to be dismantled. We made certain 
grants from time to time for various experiments; in the magazine 
“Indian Roads" we endeavoured to provide a medium for the distribution 
of useful technical information; and ivlicn the Road Conference of 1931 
met, we arranged for teclmioal committees to discuss certain matters. 
Our activities were also to some extent hampered by pre-occupations 
arising out of the enquiiy into competition between road and rail 
transport and the conference of 1933 which met to discuss its results. 
AVc were fully and uneasily aware that ire were not wholly keeping pace 
with the requirements of the situation but we preferred to wait until 
we could plan our work with some hope of permanence. The Resolution 
adopted by tlie Central Legislature in April last providing for the continua- 
tion of the Road Account without any specified period of time bas naturally 
altered our ovitlook. One of the first things wo, did after it wae passed 
was to consult Local Governments in regard fo the conveiring of this 
Congress. 

A layman never finds himself in a more difiicult position than when 
he has to talk to a meeting of experts and I ti*ust you will need no 
assurance from me that it is with becoming diffidence that I advance 
a few sugge.stions as to ways in which the science of road Imilding in 
India iniglit be advanced. '^Uien experiments have to be carried out on 
ordinary roads, particularly iu the use of the more durable materials, 
it takes a long lime to .secure data of real value. On the other hand, 
a test track should enable such data to be forthcoming in a comparatively 
short time. Is it desirable tliat such a trnclt should be i^rovided possible 
as part of a complete experimental station witli laboratory equipment? 
In other countries, much laboratory resenrcJi work has been done on the 
physical jind ciiemical properties of various road maldng materials upon 
which are based certain standard specifications. Do we need similar 
research and specifications specially adapted to our vai'ying conditions 
of climate? The scientific study of soils in their relation to ('arth road.s 
.and I'oad foundations lias up to the present been almost wholly neglected 
in India. Should this bo promoted by research scholai'ships and in other 
ways? Is it desirable that more should bo done in the way of sending 
our young liingineers to study the science of road making in other 
countries? It seems to me that it is only by giving this Congi'ops ji penna- 
nnnt. standing Hint ue can ensure not only scientific discussion and the 
pooling of knowledge but also the expression of informed o])inion on 
matters such as these, ^nd that an Indian Road.s Congress by its annual 
me.ctings and the deliberations of special committees could he of immense 
value in directing re.seareli and research policy and in standardising speci- 
fications and practice. 

There may be some who tliink that, with the impending change in.’ 
the Constitution and the advent of provincial autonomy, there will be 
no need for conferences such as this. That is a "view which I have always 
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strongly resisted. Provincial autonomy does not end should not mean 
provincial isolation with all its attendant evils of dui)licatcd experiment 
and waste of effort. In the India of the future ns I see it, there will be 
an even greater need than there is to-day for common meeting gi'ound 
for Prownces and Stotejs. I foci most strongly 1-liat evciy linlt that can 
be forged between tliem now will prove its binding value in the years fo 
come. It is my liope tliat you will to-day forge another linlt to add to 
these which already exist — such bodies ns the Imperial Council of Agri- 
cultural Eesearch and one which will shortly begin to function, the 
Advisory Coimcii attached to fho new Btireau of Industrial TntelJigenee 
and Eesearch. The United States of America, a federal country in which 
the States are very jealous of their rights has set the Eedernl India of 
we hope, the. near future an example in this respect in its Highway 
Eesearch Board. 


That brings mo more .spoeiHcally 1o the question of your future organi- 
zation. You will be m\ited this morning to consider and express your 
opinion on two inuin que.stions in regard to it. Firstly do you consider 
that any jiei-iuauont, organisation to promote meetings of this sort is neces- 
sary? and, secondly, if jou do, what, in gonornl terms, should be the 
nature of that organisation? I must say quite jdainly that llie paper on 
this subject which has been placed before, you docs not represent the 
opiuion of Ihe Gov('rnmenf of India. It has not even been eousidcrod by 
tlmm. It purports to put certain considerations and some shetch pro- 
posals l)efore you and it invites you to express your views in general 
terms and to nominate a eommittc to make definite proposals for your 
consideration. If you decide that a poniianent organisation is required, 
you will not expect me to say more than that I think the probabilities are 
that wo should ngi-eo with you. Tf your ])roi)Osals appear to us to be 
sound and reasonable, as I have every hope they will he, vre shall 
consider, in consultation with Local Governments, whether we cannot 
assist you. We are provisionally of the opinion that your organisation 
should bo largely self-contained and it is for that reason that wo have 
left it to you to make your omi suggestions. I realise (hat. in the busy 
days before you, it may not he possible for you to complete your 
proposal®. Tf that is the case., yon will doubtless arranse for a further 
meeting of yoiir committee, or of a suh-commiltce. 


Time does not permit nio to do more than say n very few words about 
tlie |oth'oir items on your agenda. The. papers presented to yoTi for dis- 
cussion and the note=!‘ describing roads round Delhi which you will have 
an opportunity of seeing to-moiTOw cover a wide range of subjects and 
represent much solid work, and I am sure that you would wLsli me on 
your behalf to thank all those who have talcen die. time and trouble to 
prepare them and to place the results of their ex]iorience aUfl Imowledoe 
at your disposal. You will doubtless have noticed that certain of them 
were not written for this meeting hut for the last International Bonds 
Congress, and our thanks are due to the authors for allowing pc, to make 
'if bp of spPPinl interest. I understand 

pnoe.s wore contributed from 
India. I reswd tliat ns a matter for congr.nt illation and I think wo may 
now confidently look forward to the dnv when papers from India will bo 
regular and valued feature of those Congresses. “ 

* *1® fortune, it has been to be brou^it into snerinl 

toueh with the conditions of rural India, I am glad to notice two papers 


'’■Paper Ko. X-A. 



dealing with earth roads by experts whose kecness, interest and extensive 
experience entitle them to speak with authority .on this most difficult 
subject. I' will not take up your time with figures for I am sure you 
all know how great a proportion of our road milage is and must remain 
unmetalied. Individually earth roads may not curry much traffic but 
collectively I would remind J'ou that they carry the whole pf the agri- 
cultural produce of the country before it roaches a metalled road — ^which 
much of it never does — on its way to a market. The keen competition 
between the primary jiroducers in world markets at the present day has, 
brought home to us the importance of eliminating all avoidable waste 
incidental to marketing. Stops are being taken to organise and improve 
the business technique of marketing, but the improvement of transport 
facilities rests witli you. There are other reasons why the improvement 
,of unmetalled roads is of the first importance. Much of the expense of 
maintaining metalled roads is due to the combination of fast motor traffic 
with destructive bullock carts. There are some who hold that the 
key to the Indian road problem lies in the improvement of the bullock 
cart. Thai is doubtless true t.o some extent but development cannot 
wait for it. In any ease, it seems to me that no great change in the 
bullock caifi can be expected so* long as the eai-tli roads provided for it 
remain as bad as they are. Again, the possibilities of motor transport 
to serve the rural population are immense but can never be fully developed 
so long as it cannot reach important villages, and ’s confined to metalled 
roads at some distance from them. - 

The remainder of your Papers deal with haril smfaced roads in one 
aspect or another. This is natural because the bulk of the road bill is 
made up of the cost of maintaining them. Ji you con economise here 
so much more money will be available for expansion and, what is perhaps 
more important, tiie fear of increasing maintenance bills will not bo 
such a doterreut, as it now is. to a liberal policy of expansion. 

You will perhaps forgive me if J say that I could have wished that 
some one .of your number had forsaken the strictly utilitarian and had 
given you a disquisition on the lesthetic and scenic aspect of roads. TJiero 
is .something very attractive about a road, despite the fact that when 
one is stranded miles fiom anywhere on a hot afternoon after a series of 
punctmeis, the stretch ,of road between cor and destination offer.? perhaps 
one of tlie most horrible prospects ever offered to the human eye. I admit 
that it would be difficult in such tracl.s as the Hamnnd district in Madras 
and parts .of the Punjab and Sind to do anything with a I'oad except to 
be glad that it is there but in most other ports, especially in the hill tracts, 
there is much scope for making the road a scenic as well as a practical 
feature. Even in such technical matters as width, curve and camber, 
there may reside potentialitie,? of grace and elegance as great as in more 
obvious features such as avenues. To me there is a marked and immediate 
aasthetio connexion between the width of a road .md the height of the 
buildings that run along it. The artistic possibilities of bridges must be 
apparent to all. Modern life brings its own problems and one of them 
is apt to be the cramping of imagination, the cult of the slodgily useful. 
I would therefore raalie a humble plea for betsuty wedded to ulility. The 
union is not fantastic, for the highest usefulness is almost inevitably 
beautiful. Did not Buslrin, that apostle of Ihe beautiful, employ his 
-students on making, roads? 
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You with your grosil experience will, 1 am sure, agree tliat the condi- 
tions of road making and road mainlenauco in India are cxccjilionalJy 
dillicult. Jjong 'draughts are sncceodecl by torrential rain. The 
bullock eai't with tlie heavy load it imposes on the road surface and 
its ])roponsiti\ to “track” presents its own peculiar problem which lias 
few, if any, parallels elsewhere. India is a ])Oov country and the re- 
sources at its disposal fall fur short of its needs. The minister of Transport 
in J’]ug!aud i-i reported to linve .said recently “We desire that tJie road 
of till' future shall he the most modern that engineering skill and 
trafiic experience can devise”. Onr desires must, 1 am .ifraid, lie more 
modest, and we enn only ask >oii to give India th,. greate.st milage of 
serviceable road that tlie money at >our disposal permits Kvery addi- 
tional mile of good road is an .is.sct to all; e’.irt mile of had road ,in 
economic loss to all and the c".usc of d'-comf.irt lo main Vonr dilii- 
eultios are great, hut 1 am quite sure that tlii' word “insn)ii rahle" has 
never yet been found in :m\ Engineer's vocidiiilaiy. 

I havy kept you long eiunigh. In conclusion, 1 would remind yon ihar 
the communications of a country may ht* likeiu'd to its nervous system. 
A country with poor eonimunicalions is bound to reinaiii inert. Yon will 
jirobably say that the ob\ioiN deduction from tins is that overdevelujiinent 
of eounmniieations must produce soiin« form of cerebral irciizy where 
people run about for the sake ot nmning about. That is, in fact, the 
stage which some harsh critics m.iiiitaiu has aireiuly been rf-ached in 
Western Jiurope and the Eiuted States India is, howtwer, far from it 
and indeed the devclojimeiu of India’s eonjiniinications hn.s a elo-c hearing 
on the political problems with which tshe is faced to-day. Euless the 
social eommunientions of the eouiitrv can keep pace with its political 
developinont. it is hicrhly probable that the jnity on which such store 
is rightly sot may be endangered oi at least hindered .And thus Wi> sec 
that in the groat political changes on the threshold of which we stand, 
the proper treatment o' eoiiimunications occupies an important iilnce, 
indeed if the word is given its widest connotation, perhaps tlir most im- 
]iortant place. I will now leave you to your dcliberaHons .and would once 
again w'ish them all snecess. [Applause.] 


The Congress adjourned for a gioup idiologi-ipli aed thou ruas.-eiulded. 
w'ith the Honoiirabli. Air. D G. Alitehell C S.l . (’ T.E., T.C.S.. Kecret.irv 
to the riovernment of India in the Department of Industries and Labour, 
Public Works Drnneli, in the Clmir. 


A bearty vote of thanks was first ])assed to the Chief Commissioner 
ot Kailwivys and the North Western Psiilwav for the, siieci'd arrangements 
made to jirovidc n suitable train for the lour of the Indian Itoads Civngiess. 

[An account of the tour of inspection of roads in the Punjab and the 
North West Frontier J’rovinec which preceded the rongresp appe-im .ns 
Appendix A to these proceedings.] 


Chairman: I will now call upon Mr. K. G. Milcliell to inirodiiee his 
paper on the objects and organisation of a pennanent Indian Poads 
Congress. ' 

The following paper was then submitted for discussion: — 
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{Pwpcr No. 1.) 

Objects and Organisation o£ a Permanent Indian Roads Congress. 

By K. G. MitNiell. M. Inst. C. E. 

This first meeting is ej^erimciital. Tlie Government of India are so fa^ 
satisfied as to the potentialities of sncl\ a body as to defray practically the -whole 
cost. Without their generous support it rvould have been difficult if not im- 
possible to haA’^e this meeting, but if any permanent body is to come into 
existence this opportunity must be taken to draw up a constitution and to 
estimate the extent of the financial support from the Central and Local Govern- 
ments that vrill be necessary, in order that a scheme may be submitted for 
their approval. It is proposed that on the first day of the Congress a com- 
mittee be appoijited to make recommendations for adoption or amendment 
by the -effiole Congress on the last day. That committee rvill thus have very 
little time in vlucli to consider the whole question and the object of this Paper 
is to proA'ide a basis for its discussions. If those attending the Congress will 
criticise these proposals freely on the first day, the work of the committee will 
he greatly simplified. This committee might he the General Committee of the 
Congress as proposed below. 

2. Necessity for some such organisation . — ^There is little to add to what has 
already been said on this, both in the original suggestion to Chief Engineers 
and in the printed pamphlet* incorporating concrete proposals for this meeting. 
It will be enough to add that the present age is one of rapid change in AA'-hich few 
of us have leisure to keep in touch Avith all the technical developments that 
affect us, and in which wo require the services of some organisation to keep us 
up to date and enable us to see and hear at first hand how others are dealing 
Avith problems similar to ours. The mass of technical literature is so great that 
it is impossible to read it all, while no amount of reading can be so useful 
as personal inspection of Avork and first hand discussion Avith those.wlio have 
done it. 

3. There is an added need for such a body in the domain of roads in a 
federal or g'?/as*-federal constitution. Standardisation of specifications for 
methods and materials of construction, of the loading for Avhich bridges are to 
be designed, and in respect of a number of other matters are desirable for 
economy and convenience, even in a country of the size of India. Becaiise 
of the constitutional position and because these are largely professional matters, 
there is no official authority to specify standards. Standard specifications 
and practice approved by a body such as the Indian Roads Congress, as 
representing the considered opinion of the Road Engineering profession, 
Would be sufficiently authontative to be Avidely adopted without in any way 
invading the autonomy of the federal units. 

^ 4. There are other problems of great professional interest the solution of 
Avluch lies in other hands, but in respect of which the opinion of such a body as 
this would carry great weight. An illustration which aaiII occur to every one 
is the problem of the bullock cart. We have now got .to make dual purpose 
roads A^th inadequate funds in a country wliich persists, in the vieAv of some 
of us, in permitting abuse of the roads by Avholly uncontrolled and extremely 
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damagiug bullock cart traffic. It is fantastic to suppose that the bullock cart 
will disappear ndthin any period of time likely to affect us or many generations 
to come, but it ought to be possible gradually to educate people and Govern- 
ments to understand what hissrzfaire. is costing them in money and arrested 
development, and so to bring about the gradual introduction of reasonable 
regulations. Individually our voices will remain unheeded. The opinion of a 
body such as we contemplate would carry very great weight. Again, it is 
fortunate that so far the development of motor transport has not required, 
outside the towns, vehicles heavier than the 30 cwt. class, and roads are being 
adjusted to carry these ; but technical developments, .such as the improvement 
of the compression-ignition engine, might result in the use of far heavier vehicles 
beyond the capacity of the type of road now being developed. In such an 
event and in respect of speeds to be permitted for various veh ides on different 
tjqies of road, and on other matters such as the compulsory provision of 
“governors”, the voice of the Roads Congress would be listened to while that 
of individuals might not. 

5. The Congress might at times also discuss with advantage such questions 
as the administration and organisation of a roads department or office and such 
other matters as may generally be defined as business management. It should 
quite definitely not discuss or attempt to interfere in personal matters con- 
nected with the conditions of service of any individual member or group of 
members. There should not be any doubt on this i)oint but it is ns well i)Ci- 
hnps to state it quite definitely at the outset. 

G. Ohjcctu , — ^The objects of the Congress might therefore be stated thus : — 

To provide for a regular pooling of experience and c.xchange of ideas 
on all matters affecting the construction and maintenance of 
roads in India ; to recommend standard specifications : and to 
])rovide for the expression of the opinion of the Road Engineering 
Profession on matters affecting their work, including organisation 
and administration but expressly excluding personal matters or 
‘ questions concerning conditions of services. 

7. Memh&rnhip . — Subject to the specific or general approval of the General 
Committee, membersliip might be open to all professionally qualified 
Engineers engaged or concerned in the construction and maintenance of 
roads, whether in public employ or not. The standard of professional qualifi 
cation necessary might be not less than that required for direct recruitment 
to the rank of As.sistant Engineer in a Provincial Service. Anyone holding that 
or, in the opinion of the General Committee, equivalent ranlc though not 
qualified by professional examination, might also be eligible. It was at one 
time contemplated that for large firms such as those dealing in road making 
materials, there nught be a class of corporate membership, but individual 
membership will prdbably be the better arrangement. It would however 
be desirable to include non-professional gentlemen closely concerned or in- 
terested in roads, as associates. Also in order to grade subscriptions to some 
extent there should be two classes of members, ?'.c., members and associate 
members. Election or transfer to full membership would be made by the 
General Committee and would normally be confined to persons of the equiva- 
lent rank of Executive Engineer or over. It is not the intention that by 
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grading membership in this way the Congress should set itself up as a body 
imparting a certain professional statu-:, but it appears to be desirable to grade 
subscriptions and this can better be done in this way than by an attempt to 
relate them to emoluments. The latter arrangement might give rise to difficul- 
ties in the case of those not in the public service. 

8. Subscriptions. — ^It is necessary to have some subscription to cover part 
of the expenses, and for other obvious reasons. The rates suggested are : — 

Es. 

Members •• .. •> .. 10 per annum. 

Associate Momboi’s . . . . . • 5 per annum. 

Associates • . • • . - . . . . 20 per annum. 

A fairly high rate is desirable iu the case of associates to restrict applica- 
tions to those having a genuine interest. 

,9. Benefits to inembers. — All members, associate members and associates 
would be on an equal footing as regards attending and speaking at meetings 
(subject to the arrangement regarding travelling allowance discu'sed below) 
and would receive the printed proceedings of the annual congresses and such 
other literature as might be circulated. It must be recognised that, for the 
majority, the benefit would be confined to the receipt of proceedings, and other 
literature, except those in whose Pro^’ince the annual Congress is held who 
would, it is hoped, be able to attend in large numbers. 

10. Management. — ^The management would be in the hands of a (General 
Committee and Provincial Committees. Eventually some other arrangement 
may be possible, but for the present it is suggested that these committees be 
constituted as follows : — 

(a) General Committee. — ^The Chief Engineers of Governors’ Provinces 
and of the Central Public Worfe Department ; the Consulting 
Engineer to the Government of India (Roads) ; two represen- 
tatives of States elected by the delegates from States present 
at each annual meeting and three representatives of non-official 
associate members and associates, elected by such non-officials 
present at each annual meeting. 

{b) Provincial Committees . — ^To be presided over by the Chief Engineer 
of the Province concerned and to consist of four officials (includ- 
ing the Chief Engineer) and one or two ncn-officiak, all to be 
nominated by the Chief Engineer. 

11. The General Committee will normally meet once a year at the time 
of the annual congress. During the year business will bo carried on as far as 
possible by correspondence. The Oonsultrag Engineer to the Government of 
India would for the present be responsible for the clerical work of the General 
Committee. All the funds and ^operty of the congress would vest in the 
General Committee. 

12. Subject to the financial control of the General Committee, Pro^nncial 
Committees would be responsible for all the arrangements for the annual 
congicss when held in their Province, including the selection of Papers and 



llie nrrangeinouts for visits to works. Thoy would arrange for someone to act 
as Secretary. The General Gommitfee would have power to give general 
directions to Provincial Committees and to overrule them, c.g., in the matter 
of selection of Pajx'rs. 

Fiimncr. — ^I'ntil the numhers likely to join the Congress are laiomi it 
is impossihle to gauge the prohnhle income. It is helievisl however that the 
rates of suhhcription jiroposed .should sufliee to cover the cost, of roj)ortcr.s, 
iwinting and postage. Tf tlu‘ jiroposals ovontnnlly made commend themselves 
to the Central and h)cal Governments .some suj))iort. may ho exi)ectod, and this 
might he asked for, hy w.ay of an initial lump sum grant from the Government 
of India and, in addition, some assistance with travelling allowances. 

M. Trnnllhuf alhnntnccx. — The Government of India, having agreed to 
dcfr.ay the whole eost of this nveting, feel that the justification for the creation 
of a permanent, body will lie in tlie. hencfits which local Governments derive 
therefrom in the ajjpHcation of thore.snlls to their own road systems, and that 
this ju.stification can he.sl. ho gauged hy the willhigncss of local Governments to 
hear the ex])ensc8 of delegate.s in future years. The Pajicrs read and di.scusscd 
will, or should, he of general interest, while the attend.-mcc of delegates will he 
largely in the interest of their Province. An ccpiitahle arrangement would 
perhaps he that the Congress should defnay the expenses of the contiibutora 
of selected papers and tlmt local Governments should meet the expcjises of 
other delegates In the ease of tours or visits in ronnection with any annual 
congress, travelling allowaneo would he paid under the usual rules and the 
Congress would not normally he called upon to meet any e.xpensc in ros])cct 
of ordinnr}- delegates attending tho.-se. The lump stim grnntfrom the Govern- 
ment of India suggested above would en.ahle the Congre.^s to p.ay 1 he oxpon.'es of 
contributors of papers, and it i.** for this reason tliat the general committee 
should have power to overrule any Provincial Commiifee in the selection of 
papers. 

15 . It is to he hoiied that local Governments will agree to .«end .a rcacon- 
nhlc nmnher of delegate.^ to di.stanl meetings, and in the case of the Province 
in which the meeting i.s held, to allow travelling allowanco.s to all momher.s and 
associate memhers in the Province able to attend the meeting. 

IG. vlnmifl? CoHi/rmes.— The Congress .should meet once a year, and at a 
different centre each year. It ndll he ncce.ssnry for an invitation to he given 
hy a local Govermneni before the Congre.'^s can decide where to meet. It will 
he convenient if such invitations can lie given for the following year at or 
before any annual meeting. In the event of more than one invitation being 
received the Congress will decide. AVill Cluef Kngincers please note that an 
in\'itat.ion .Je nneessan' for th** Congress ? It will ncccssarib* bo 

pro^^sional only and dependent on the Central and local Govonimcnts, * and 
particularly the local Government concerned, approving the 2)ermanent 
creation of the Congress. 

1 /. Aflnic. The name Indian Poads Congress'* has been used in the 
preliminarj' correspondence. It is ojwn to 0113*0110 to propose a better. The ' 
use of the word “ association ” is rather barred by the existence nlrcadv of the 
Indian Eoads and Transport Development Association. 



18. Proceedings at Meetings . — A member of , the General Committee will 

preside at each session. Normally papers on professional matters, circulated 
in advance, will, as is the usual custom in professional bodies, be merely in- 
troduced by the author and thrown open for discussion. The discussion 
wiU be reported and printed up in the proceedings. Cases may arise however 
where it is desirable that the Congress should register an opinion in the 
form of a resolution. At the first meeting it is unlikely that the Congress 
wiU desire to do so save in respect of the matters discussed in this paper, 
A draft resolution will be submitted by the Committee on this question 
with its report, ' 

19. Miscellaneous . — Once established, the Congress can do a number of 
things. A gold medal might be given for the best Paper each year. Com- 
mittees could be set up to advise on standardisations, education in Road 
Engineering, research or study scholarships in India or overseas, and so forth. 

20. Conclusion . — ^It is believed that the value pf some permanent organ! - 
•sation will not be questioned. The difficulties are obvious. The proposals 
made in this Paper are designed to provide a working arrangement to tide 
■over the earlier years. They are manifestly imperfect in many respects, but 
it can only be hoped that if the}' are subjected to searching criticism before the 
committee gets down to work, something better will result. It only remains 
to add that the views and suggestions thrown out in this Paper are those of the 
writer and in no sense those of the Government of India who await your 
proposals. 



Mr. K. G. Mitchell {the Author): As rog'urda this pnper, it is merely 
a series of suggestions thrown out as a basis for discussion. There aro 
only three main questions and I think it would, be advisable if those wha 
hav<j anything to say would confine themselves to the three questions 
that I am going to raise. The first .is: — ^Is it desirable to have such a 
body? secondly, how it should be constituted, and thirdly, how it should 
be financed. I have nothing to say on No. 1 and I would like you to 
say M'hetlier such a thing i,s necessary or not. As regards No. 2, the 
onlj' possibility seems to be to have a self-contained body organised on 
a non-official basis. You can take it from me that it is impossible to 
have an official body, if we want to malce it representative. It is practically 
impossible for anybody at headquarters to i)ick hnd choose who shall 
come. We did suggest to Local Governments that they might indicate 
how the business representatives should be chosen. They found thg same 
difficulty and the only solution, if it is going to be at all representative 
is to have a regular imembenship, with a nominal subscription. Otherwise 
it M'ill be impossible for. the Government of India to say who shall come 
and who shall not. I think also that some subscription is necessary. 
As regards finance, it is obvious that in a country of the size of India 
where the cost of travelling ig so gi'cat some Government support is 
essential. On that point, I wish to sav one thing. The Hoads Congress 
should be your show and not a Government show. If you say that the 
whole support should come from Government, then you rather prejudice 
your own management of your own affairs. Now, in this paper it is 
suggested that tliere should be a committee elected this morning to 
consider the whole question and to make a report probably on Friday 
morning. There is no need to elect a Committee as regards British 
India. It will consist of the Chief Engineer or senior representative nf 
any province present or his nominee. As regards the States, I say in the 
paper that we might have two representatives on the permanent committee. 
Owing to the number of Stales represented at this meeting to-day, it is 
better perhaps to make it .S, We will ask the State representatives some 
time during the morning io nominate three of their members to join this- 
committee. Similarly, the business representatives will kindlv nominate- 
three of their number to serve on this committee. The committee will' 
meet at 6 o’clock for a preliminarv discussion, either in New Delhi at- 
the Imperial Delhi Gymkhana Club or in Old Delhi in Maiden’s Hotel 
accordinff to where the majority of tlie committee are slaying. After the- 
conclusion of this moming’s buaness, the committee will meet for a few 
minutes and decide where to have the meeting/ 


DISCUSSION. 


Chairman : 
paper? 


Has anv gentleman any remarks to m.nke on Mr. Mitehell’s- 
« (Nobody arose.) 


Chairmnn : T understand then that tlie general proposals as set out 
in Mr. Mitchell’s naner are approyed in broad outline. All that remains 
now is to ask for vour approval to his suggestion that the committee 
should be constituted as indicated by him.“'' Has any gentleman anw 
remarks to make? “ ^ 
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Mr. .A. Brohner: Would it include Royal Engineers such as Colonel 
)Wakely ? 

Chairman : I understand that Colonel Wakely* is a Military Engineer 
attached to a province. He ivould be suitable to represent the N.-W. E, P. 
It has been suggested that two representatives of the Militar}’^ Engineering 
-Service should also be included in the committee. 

Bai Bahadvr S. N. Bhaduri: As regards the States, as the number 
of States is nearly 12 or 13, three representatives are not sufficient. 

Chairman : I would point out tliot the committee will now consist of 
9 representatives from provinces, 3 from States, 3 from the business com- 
munity and 2 from the Royal Engineers. That makes 17. It is already 
•gettincT to the limits of a working committee. Rut if there is any strong 
feeling in favour of n stronger representation from the States, perhaps 
some gentleman will indicate that. 

Mr: P. N. Be : There is no representative from the District Boards or 
municipalities. I think it would be better to have one from those bodies. 

Li.-Col. E. L. Farley: As regards the Royal Engineers, one would 
.probably be enough, because we deal with' specialised problems in peace 
time and that would give one to such other bodies as might wish to have it. 

Chairman: Might I suggest that the present constitution gives us a 
sufficiently large body and that anything larger than that might make 
it unwieldy? 

Mr. G. Beid Shaw: Representation for the District Boards is rather 
rtmnecessary. It seems unnecessary to have a representative of one District 
Board for the whole of India. 

Chairman : Is it your suggestion that District Boards and municipalities 
•ahould be excluded? 

Mr. G. Reid Shaw: Yes. 

Mr, V. B. Talvarlear: I propose that the Bombay municipality should 
have a representative. It has got a large area of roads and very important 
joods. 

Chairman : I would suggest to you that if we 'Stnrt selecting individual 
•municipalities, there 'U’ill be no end to it. 

By a show of hands, it was decided that there should be no repre- 
■sentative of District Boards and municipalities. 

Chairman: The feeling ,of the meeting is that this committee should 
consist of one representative from each province, three representatives 
from the Indian States, throe from the business community and one from 
the Royal Engineers. 

The Chairman then called upon the States and business representatives 
■to elect three representatives each. 

Mr. H. E. Ormerod : The Indian Roads and Transport Development* 
Association have a Resolution to be put to the meeting in connection 
with the financing of the Congress. 

Chairman : I think we had better finish this item first. We sliall now 
proceed ^vith the selection of the provincial representatives. 



The elections were then held after whieli the Chairman announced the 
names of the Committee as follows: 

PnOVIKCES. 

Madras, ^Mr. A. Vipan, Special Engineer for Rond Development, 

Madras. 

Bombay. — Mr. L. E. Greening, Deputy Secretary, P. W. D., Bombay. 

Bengal— Mr. D. J. Blonilield, Chief Engineer, P. W. D., Calcutta. 

United Provinces.— Mx. 0. F. Hunter, Superintending Engineer,. 
Lucknow. 

Punjab. — Mr. S. 0. Stubbs, O.B.B., Superintending Engineer, Ambala. 

Burma. — lilr. 0. H. Toulon. Chief Engineer, Rangoon. 

Bihar and Orissa. — Mr. X. G. Dunbar, Deputy Chief Engineer, Patna. 

Ccniral Provinces. — Mr. H. A. Hyde, M.C., Chief Engineer, P. W. D.^ 
Xagpur. 

/Isseni. — Mr. B. F. Taylor, V.D., Offg. Chief Eirgincer, Shillong. 

Norih-Wesf Froniicr Province. — G. A, Jf. Brown, O.B.E., Super- 
intending Engineer, D. T. Khan. 

Central Public Worhs Department, — ^fr. .A. Brebner, C.X.Em Chief 
Engineer, Xcw Dellii. 

IxniAX ST.\Tns. 

R.ai Bahadur A. P. Vnrma, Chief Engineer, Patiala. 

Diwnn Bahadur X. X. Ayyangar, Chief Engineer and Secretary to 
Govornmont, P. W., R.aihvay and Electrical Department, Mysore. 

Mr. P. L. Bowel'S, G.I.E., M.C., Slate Engineer, Jaipur. 


Business Ri:pr.r..sr.NT.\TivE.s. 

Mr. H. E. Orinerod, Vice-President, the Indian Roads and T»n.«port* 
Development Assoeiation, Bombay. 

Colonel G. E. Sopwitb, Turner Morrison and Co., Calcutta. 

*it/r. G. G. C. .-IdnJiif, Burmah Shell Company, Calcutta. 

Roy.\n ENoiNF.r.ns. 

Major AV. B. AVhisbnw, M.C.. E.E., .Army Headquarters. Simla. 

•Mr. C. D. JJ. Mcares of the Vicuum 0:1 f 'ompiny, Calcutta *ill serve oa the- 
Commit'ce vice Mr. Adanti. 
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Chairman: This Committee M’ill meet this evening at 6 o’clock at 
some place to be decided by them subsequently before they leave this 
morning. This is one part of the business on which we have to make 
a decision thig morning. The rest of the time we may .spend on a 
discussion of the broader aspects of the proposal and I will Mr. Onnerodi 
to make his remarks which he intended to make to-day. 

Hr. H. E. Ormcmd: On behalf of the Indian Eoads and Transport- 
Development Association I wish to move the following Bosclution; — 

“In view of the interest which has been showm in this, the first 
Indian Roads Congress and the importance of ensuring that 
its continuance should be maintained regularly each year, 
it is recommended that owdng to the financial stringency 
existing in the Provinces, the method adopted tliig year of 
financing the cost of the conference from the 10 per cent, 
reserve of the Petrol Road tax, held by the Central Govern- 
ment, should be maintained, if possible, during the next 
few years.” 

Chairman ; May I just point out a small point pi order. If you wish 
to move this ns a Resolution, then it would be better to move it after 
the Provisional Committee has met. They will then consider it and 
frame their own recommendation. For the present, the discussion should 
be confined to the giving out of the indications of the general feeling 
of the meeting. 

Cal, G. E. Sopwiih : Mr. Chainnnn, I cannot second the Eesolution 
after what you have said, but I should like to say this that I pei'sonnlly 
think that the suggestion is an extremely good one. 

Mr. D. Mncfarlanc: I would like to add to what Mr. Ormerod and 
Col. Sopwith have said. I think that if something of this sort is not done, 
there will be a great difficulty on the part of the poorer provinces to 
finance the journeys of their olTicers with the result that people who arc 
not supported by their Governments could not possibly afford to attend 
this Congress. 

Chairman: As nobody else wishes to speak on this question, I would 
like to say that if you decide in favour of thig particular financial arrange- 
ment, I would advise you strongly to liavo a second string to your 
bow. I am not able to commit, the Govornjncnt of India but they may 
or may not accept the suggestion and the whole arrangement might fall 
to the ground. S,o, it -will be better to have an alternative nD-angement. 

Mr. B. F. Taylor: ilny I refer to suh-para. (h) of pani. 10 of Mr. 
Mitchell’s paper regarding Provincial Committees which are to h^ presided 
over by the Chief Engineer of the province concerned and to consist of 
four officials (including the Chief Engineer) and one or two non-officials, 
all to be nominated by -ihe Chief Engineer. Arc we to understand that 
these are to be left to be decided by ihe vai’iou.s provinces? 

Chairman : 1 think that is a matter of detail and we had better leave 
it to the Committee. It is certainly a point worthy of their consideration. 

Chairman: Mr. Dean will now make some remarks on his paper and 
after he has finished, the members of the Provisional Comraittco will 
remain behind and make, their preliminary arrangements which would 
help in the despatch of the business. 
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Mr. A. Brebner, O.I.E., Chief Engineer, Central Public Works 
Department then took the Chair. 

Chairman: Before I introduce Dean, I should like to propose a 
vote of thanks to the Hon’ble Mr* D. G. Mitchell. 

The motion was received with applause. 

Chairman: Mr. K. G. Mitchell has already explained to you the 
alterations in the programme W’hieh necessitate our starting on our tour 
this afternoon instead of to-morrow morning. On the whole, I think, 
probably the change is a good one because it will enable us to discuss Mr. 
Dean’s paper after you have seen the work instead of before it. But 
in the meantime Mr. Dean would like to make a few remarks in introducing 
the paper and explaining what in particular he wishes to say. I introduce 
Mr. Doan- I may add that in accordance with the ordinary practice 
we propose to take the paper as read. 


The following paper was then submitted for discussion 
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(Paver Ko. 

'decent metaods used for Lhe treatment of roads with bitumen and tar in 

Delhi Province. 

By A. W. H. Dean, M.C., I.S.E., 

Executive Engineer, Central Public TTorlts Department. 


Prior to the year 1925 the hard surfaced roads in the Province were 
-all either mel ailed witli kankar or quartzite stone ballast, Kankar being 
a soft material and unfit to carry heavy traffic its gradual replacement with 
the latter material was, however, the aim and by the close of the year 
1931 all metalled roads in the Province had received a wearing coat of 
•water bound stone metal. None of the roads in the Province were surfaced 
■with tar or bitumen and this treatment was entirely .omitted fiom the 
New Capital Project. 

The earliest example of bituminous treatment was the length of x'oad 
from Lothian Bridge to Delhi Gate which was carried out in September — 
October 1925. This length was divided into the following three sections 
■according to the condition of the old surface in each: — 

1. Surface recently remetnlled. 

■2, Surface remetolled one year before. 

3. Surface requiring retnetaUing. 

All three sections were treated similarly. The surfoce of the road was 
•very carefully broomed and cleaned of all dust and dirt before the appli- 
cation of the bitumen and the temperature of the bitumen was very care;- 
fully regulated. Trinidad refined asphalt mixed with Flux oil in the 
proportion of GO/40 was sprayed at the rate of 4%5 to 5 lbs, of the mixture 
per sq. yd. and was evenly covered with 3/S inch stone grit and rolled. 

The surface in Ihe three sections was very satisfactory and did not 
need any attention for five years after this treatment. It was lepainted, 
in the year 1930 and until last year when regular patching of the surface 
was started, it did not need any attention. 

Load improveiMont by grouting and premixing methods was first carried 
out in the year 1920-27 in a 11 mile length of an important section of 
Qutah Rond. Three diffeTpn< sueeifications were tried with highly satis- 
factory results These wore (1) Grouting with hlexphnlle (2) Grouting with 
Trinidad Asphalt cement (3) Premix with Trinidad asphalt cement us'ng 
• cement ns filler. The real advance however, began in 1930-31 when no 
less than 450,000 square feet of road surface were treated with bitumen, 
and there is now n total of 600,000 square feet of this. 

Heavy two and four wheeled bulloclf carts impose a very great strain 
on the foad surface. These carry 2 to 3 tons and are drawn by 2 or 3 
bullocks or buffaloes. The wheels and axles seldom fit and often have 
an oscillating j-notion which is very destructive. Further the tyres are 
often narrow and have a curved cross section, thus the area of the wheel 



22 


in contact with the road is much less than it should be. On roads subject 
to intense traffic of this nature surface treatment with bitumen has been 
found to be inadequate and recourse Jias been had to grouted and premixed 
treatments. 


The methods that have been in use in recent years include: 

I. Grouting with hot asphalts . — Before spreading the metal, the road 
surface is cleaned of all foreign matter. The metal used is inch to 3/4 
inch gauge, clean, dry and free from clay or dust and uniformly spread 
to the correct depth. The loose metal is half an inch more in thickness 
than the finished coat, t.c., for a 2 inch coat metal is spread inch thick. 

The old surface of the road is first picked up and relaid to con*ect 
camber and grade. The stone metal is not dumped on the road surface 
but to ensure uniformity of spreading is stacked at the road side. Irregu- 
larities in spreading are carefully looked for and corrected by hand 
packing. Templates are used at short intervals with strings stretched 
between them as a guide. This is all done before rolling, as it is difficult 
later on to correct irregularities and experience has shown that unevenness 
of surface and weak spots are mainly due to uneven spreading. A ten 
ton roller is used on the dry metal. Boiling is commenced at the sides and 
advances towards the centre by successive stages of at least half the 
width of the roller until the surface is uniform and compact. 


During the winter months bitumen (Mexpbalte 30/40) does not pene- 
trate into the interstices more than an inch owing to the quick fall in its 
temi)eraturG on coming in contact with stone metal. This difficulty is 
overcome by spreading the metal for a 2 inch coat in two layers of inch 
each. Half the quantity of bitumen is used in each layer. Bolling is 
started as soon ns the second la5'or has been grouted and the chippings 
have been spread. 

BiUivicns . — ^The bitumens used during 1933-34 on Sections the Grand 
Trunk Eoad towards the U, P. w'ero Sooony Asphnllum 101 and Mexphalte 
30/40 penetration, separate sections being grouted wdth each. Pourmg 
cans were used for Sooony Asphnltum and a sprayer for Mexphalte. The 
bitumens were uniformly heated in suitable boilers to 350°P. 

The length of road to ho covered by the contents of each pouring can 
was marked out and this was further checked by observing Iho area 
covered by the contents of the boiler. Bitumen was used at the rate 
of 1 gallon per square yard, of 2 inch finished coal. 

Stone grit . — Stone grit 3/4 inch to ^ inch gauge was spread immediately 
after the application of bitumen in sufficient quantity to fill the surface 
voids and prevent the roller from picking up the bitumen. Care was. 
taken to see that the stone grit w'as spread uniformly and all voids filled 
up. When rolling commenced one labourer followed the roller to cover 
with gift any surface where bitumen appeared. 


Seal coat.— A seal coat was applied directl-,- after the rolling had been 
finislied. The .surface was brushed and all loose and surplus grit was 
removed. A bitumen of '80/100 penetration was used either Socony 
Asphaltum grade 105 or Spramex in the sections grouted wdth Socony 
Asphaltum 101 and Mexphalte respectively. The bitumen was sprayed 
not poured) at the rate of 3 gallons per 100 sft. followed by stone grit 

■ The surface was again thoroughly 

rolled. The surface thus treated was opened to traffic and a labourer was 
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deputed to brush over the blinding’ na and when disturbed by trafiBc. The- 
grit and stone metal used on the work were hard blue quartzit-e stone - 
obtained from the Delhi Ridge quarries. 

II. Grouting with cold emulsions. — Spreading of metal, rolling and 
pouring was as for hot grouting. A section of the same road was treated, 
by this process. The Emulsion used was Colfix. It was at first found 
to penetrate too rapidly to the bottom of the metal and thus failed to bind' 
the aggi'egate effectively. To prevent tliis the voids in the stone metal 
were filled with grit of f inch to J inch gauge spread before grouting. 
Tin's resulted in a slight improvement end although the emulsion did not 
properly bind the stones, it, however, held them together and made com- 
paction of the layer possible. The road was opened to traffic after twenty 
four houi’S, and any weak spots that appeared were picked out and repaired. 

A week later, a seal coat was applied after brushing the surface clean. 
Prior to sealing all pot-holes were properly made up. A sprayer was 
employed for spreading the emulsion evenly over the surface. Stone grit 
1 inch to ^ inch size was evenly spread and traffic was allowed over the- 
road after 24 hours. The result of this treatment was not satisfactory 
as the surface became uneven and many pot-holes were fonned soon after 
the traffic started to use it. 

III. 1 inch to 3 inch premixed asphalt macadam. — ^This specification 
was tried on the same road using both cold Emulsions and hot Asphalts 
as described below: — 

■ (J) With cold amtthions, — The aggregate used was quartzite stone metal’ 
as noted below: — 

For 1 inch pavement 100 per cent passing 1 inch screen and retained' 
on I inch. 

For 14 inch pavement 100 per cent passing 1^- inch and retained on 
4 inch. 

For 2 inch pavement 100 per cent passing 2 inch and retained on ^ 
inch. 

For 2^ inch pavement 100 per cent passing 24 inch and retained on J 
inch. 

The fine aggi’cgate for the wearing coat of the thicker pavements was 
of smaller size than that specified for the bottom course. 


Bitumen. — Socony Asphalt Emulsion Nos. 3 and G were used. 

Method. — The base was made true to grade and camber and thoroughly 
cleaned and a. priming coat of Socony Asphalt Emulsion No. 3 was applied 
at a rate of 2 to 3 gallons per 100 square feet. The coarse aggregate for 
the bottom course was mixed with Emulsion No. 0 by dipping. The 
quality of the Emulsion must be such that between 4 and 0 per cent by 
weight of bitumen will be incorporated witli llie stone Socony Emulsion 
No. 6 containing 70 per cent of bitumen met this requirement. 

The coated coarse aggregate was spread on the prepared base to a- 
thickness of about half an inch more than the required finished thickness. 
After spreading it was left for six hours and then rolled to oompactiion’ 
with a ten ton roller. Fine stone grit was spread over the stirface ta 
prevent adhesion. Rolling was continued until all movement had ceased. 
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Seal coat . — In th^ case of 1 inch and pavements a seal coat ^as 
applied using >2 to 3 gallons per 100 sft. with stone grit of ^ inch to J iiich 
igauge at the rate of 3 eft. per 100 sft. 

For 2 inch to 3 inch pavements a wearing course was used of | ipch 
'Stone grit dipped in emulsion and spread evenly, after raking over 
Hihe bottom course, uniformly to a depth of | inch. This was rolled* after 
-titiee howes, stesne esa walaafe ta akfewa a alasaA 

‘The result of this process of premixed asphalt Macadam was not very 
satisfactory. 

2. With hot bitviflen asphaltic concrete {shclcrete and shelshect ). — The 
bituminous materials in this case were Mexphalte 20/30 penetration and 
“Shelmac”, a “cut back” made by the Shell Company with bituroen 
and Solar oil. A “cut back” of this type is relatively simple to mani- 
pulate and easy to work. It needs only slight heating and the mixed 
Aggregate can he laid either cold or hot immediately or be stored. K 
After some time it g^ts hard, it can be softened by the addition of a liii'l® 
Solar oil. 

The grading of the aggregate was varied according to the thickness 
of the coat. UVar 1 inch Shelsheet the stone was of f inch to J inch g^ngo 
land for thicknesses of 2 and 2^ inch, of IJ inch to i inch gauge. Sand 
•containing 9 per cent coarse (—2 mm + *6 mm), 80 per cent medium 
(—•6 mm + 0‘2 mm)i 6 per cent fine (— 0‘2 mm-(-‘085 mm), and 5 par 
cent dust (-’095 mm) was used. In damp or cold weather the sand 
heated to about ll 0 °F*on iron sheets- six inches above ground level with 
a fire underneath. 

Shelmac (one part) was heated to about 200®F and the Mexphalte 20/30 
Xtwo parts) to 350®. The mixture was raised to 350°F and allowed t< 
cool d-own to 300°F at which temperature it was used. 

.For a inch finished coat (Shelcrete) batches of 3 eft. of stone metal 
of inch to i inch gauge and H eft. sand were used -with 22 J poimds 
of the mixture*of Mexphalte and Shelmac. The surface of the road was 
first brought to the proper camber and grade and all pot-holes were filled 
in, stone metal coated with bitumen without sand being found very satis- 
'factory for this. 

A Millar’s Mixer of 3 eft. capacity was used as follows : — 

The machine waS started up and the stone put in. Nine pounds of 
bitumen was added ®nd when the metal was coated with bitumen eft. 
-of sand was put in followed by 13J lbs. of bitumen. Mixing was carried 
for 3 minutes. The mix was carried to tlie road in iron baiTows, dumped 
and immediately spread by rakes to the screeds. Foiling followed without 
-delay with an eight ton roller. The resulting surface after compaorion 
‘had "a mosaic appearance at first but quickly closed up under trafiBc. It 
ds m effect self sealiug- 

1 inch Shelsheet .—Fov this the process was the same except that 
•smaller gauge stone- was used and greater care was necessary that the 
‘base should be properly prepared and even. These thinner carpets tend 
to follow the unevenness in the base if this is not done. For details see 
-jiage 6. 

The total area treated during the year 1933-34 with the specifications 
•described above was approximately 500,000 square feet. The roads treated 
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carry medium traffic and intensive cart traffic. These vrere HamiltoiK 
Jioad, the City approach to the Jumna Bridge and sections of Delhi-Gurgaon, 
JRoad via Basant, Traffic statistics are being collected. 

21 inch thick Bhelcrote was laid for heavy cart traffic and 1 inch Shel- 
sheet for lighter traffic. No expenditure has been incuiTeJ in the mabi- 
tenance of the Shelcrete but some patching has been necessary with the 
Shelshoet. 

Brick and occasionally cement concrete edging has been laid along, 
roads treated with bituniiuous mixtures in order to define and protect the. 
edges. 

Tar . — Tar has also been used both for surface painting and for carpets. 
The surface painting done was similar to single coat bitumen painting, 
and appears to be only suitable for light traffic. For carpets the method 
adopted was that ot a single coat of graded stone metal final dressing being 
done with premixed chiiopings of i inch to ^ inch gauge. 

Tar eariiets or pavement Jiave been laid of 1 inch, lA- inch and 2\ inches 
thickness, the first on an old painted road, the Alipur Bead, the second 
on an old water bound klucadam road, the Grand Trunk Eoad lo Kainal 
and the last on the Old Bohtak Bond. 

The grading of the stone metal was as follows : — 

For 2i inch and li inch pavements. 

1 J inch to 1 inch 30 per cint. 

1 „ i inch 3o pci cent. 

i » i I* 30 per cent. 

Stono dust filler a per cent. 

For i inch Carpets. 

1 inch : o ^ inch 35 per cent. 

J » i ), SO ] er cent. 

i It a II 30 per cent. 

Stono tl II t filler 5 per cent. 

The tar used was a low viscosity B.E.S.A. specification No. 2. 

The method of mixing, sloring, spreading and rolling was as follows: — 

Mixing was usually done by. Ivand in old tar drums fixed on a wooden 
frame and rooked by 4 workmen — 2 eft. were mixed at one charge in 5 
minutes and 3 such mixing drums lumed out about 720 eft. dnilj’. The 
quantity of tar was lbs. for 1 eft. of large stone and 3 lbs. for 1 eft. 
of chippings. The tar was heated to 250"!^ and the sfoiic metal and 
chippinss were separately mixed and stored at road site exposed to the 
air for 7 to 14 day.s and not used until I he mixture had become sticky. 
In the hot weather this condition was reached after only 2 or 3 days and 
the mi.xtiire was laid and rolled then. 

Mixture w.as spread lo ilio required tliickncss on a road surface which 
had been given a priming cnoi of No. 1 Tar at the rate of 1 gallon for .’iv) 
to.SO^sft. Jt was then rolled fill movement ceased. The premixed 
chippings were then spread and rolled ligiilly for four or five times only. 
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light oil constituents to evaporate and to allow it to develop its adhesive 
4jualities. It was then carted to the site of work and spread to an average 
tbiclmess of inches and rolled with an eight ton steam i-oad roller. 
When the surface had been thoroughly rolled, stone dust was spi-inkled 
on the surface to fill in the voids. 

The road was kept closed to heavy bullock cart traffic for 10 clays. 

Cost, — 1 inch Carpet Its. 8 per hundred square feet. 

Seal coat Es. 3-8 per hundred square feet. 


’ Specification for 1 inch Tar Carpet at Great Place (^October 1934). 

The method of ln3'ing the tar carpet slightly varied from the usual 
method for tar carpets and was based on successful experiments carried 
out in the Punjab. 

Material — 

Tar No. 1 at 240" F. 

Tar No. 2 at 250"F. 

Tar No. 3 at 260"F. 

Construction. — After the usual opei-ations of cleaning etc, the existing 
surface was primed by spraying with Tar No. 1 at the rate of 16 lbs. per 
100 sq. ft. The metal was graded from f inch to ^ inch in the following 
proportions: — 

■J incli to J inch 00 per cent. 

I inch to inch 40 per cent. 

This was premixod with Tar No. 3 at the rale of lbs. per eft. and spread 
on the surface while the priming coat was still ‘‘tacky". The premixed 
metal was spread to an even surface and consolidated by a roller. 

After the expiry of 24 hours the surface was again painted with hot 
Tar No. 2 at the rate of 24 lbs. per 100 sq. ft. To obtain an even spread 
this was brushed immediately after the sprayer had passed. 

Pine grit ^ inch to ^ inch at tho rate of 3 eft. per 100 sq. ft. was 
then spread and rolled till the carpet had set, and the road opened to 
iraffio. 

Cost. — ^Its. 10 per hundred square feet. 


Armour coats. 

These have been laid on the Karnal Eoad, Miles 3 A- 4 (Oetol)er 1034) 
with three different materials, viz : — 

(a) Armourcoat vdth Bilurauls. 

(b) Armourcoat with Colas Emulsion. 

(c) Armourcoat with Tar-Bitumen Mixtures. 
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The materials and specifications used in aniiourcoat construction are- 
as follows: — 

(o) Armourcoat with Bihimuls. — Materials. — (i) Bitumuls Emulsion. 

A quick setting type of emulsion is required in the construction of an 
Armourcoat. 

(ii) Aggregates (Stone metal 1 incli to 3/4 inch). 

The large aggregate is stone metal of which 90 per cent passes a screen 
having l.\ inch circular openings and not less than 90 per cent is retained 
on a similar 1 inch screen. 

Coarse stone chippings used for key stone aucl filling voids is | inch 
to ^ inch and must conlorm to the following grading: — 

Not less than 80 per cent shall pass a jt inch screen and not more 
than 5 per cent shall pass a 10 mesh sieve. 


Fine chippings used for filling voids and for surface finish must conform 
to the following grading: — 

Not less than 90 per cent, shall pass ^ inch screen and not more- 
than 20 per cent, shall pass a 10 mesh sieve. 

Preparation of Sub-grade . — The old surface of this section prior to the- 
construction of the Armourcoat had an irregular cross fall. The camber 
varied between 1 in 36 and 1 in 20. The brick-edging had sunk into the 
ground lower than the metalled edge at many places. This necessitated 
truing up of the old surface so as to have a regular camber of 1 in 48. 
This was done with stone metal precoaled with bitumuls which was also 
used for filling potholes and depressions after digging them out. The 
material thus laid was thoroughly well compacted and all dirt or dust 
completely removed from the rest of the road surface by brooming. It 
was then sprinkled with water and a tack coat of Bitumuls at the rate of 
i/lOth gallon per square yard was given on the damp surface. 

The stone ballast was spread by hand on the prepared surface at the 
rate of 12'1 eft. per 100 sit. Dumping from baskets on the subgrade wan- 
not permitted. If the stone ballast segregated into sizes in handling, it 
was mixed until it presented a uniform appearance spread on the road. 
The surface of the stone was then carefully trued up and all high and low 
spots remedied by removing or adding stone as necessary. It w'as then 
lightly rolled once only to interlock the stones. 


After the stone ballast had been rolled, a little water was sprinkled and 
on the damp metal bitumuls was applied with a pressure distributor at 
the rate of 2 gallons to 5 sq. yds. It w'as then left for at least 12 hours 
before rolling. Bolling must not be started until two pieces of the metal 
can be pulled apart without the asphalt stripping from either piece. 


The Bitumuls treated aggregate was rolled over lightly once and 
immediately aftei^vards, coarse chips were uniformly spread on the surface 
in sufficient quantity to fill the voids (2 to 3 eft. per hundred sq. ft.). 

These were spread by hand and then broomed to secure even distribu- 
in surface was then rolled the rolling being accompanied by broom- 

mg with a dragbroom until the chips were forced into the voids of the 
base stone and it became thoroughly locked and keyed. “ 
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An y loose chips remaining on the surface were evenly distributed by- 
brooming and then a final application, of bitumuls was made at the rate 
of 3 gallons to 5 sq. yds. An interval of 12 hours or longer was allowed 
before it was lightly rolled once again. The surface was then covered with 
fine chips at the rate of eft. per hundred sq. ft. 

The fine chips were spread, broomed and rolled in the same manner 
ns described for the application of the coarse aggregate. The surface was 
then rolled until it was smooth, uniform, and fully compacted. 

Cost. — Bs. 14 per hundred square feet. 

The following specifications have been followed in two short lengths 
treated with Bitumuls WBM and Bitumuls and Tar. 

li inch consolidated Premix toith Bitumuls. 

Base Course — 

10 cubic feet stone metal graded as iolltme : — 

IJ- ini'll to 1 inch 5 cubic feet, 

f inch loi inch ..■•••>• 21- cubic feet. 

j[ inch down to dust . . • • . 2} cubic feet. 

^ r ^ I 1-1 

1 0 cubic feet. 

This aggi’egate was mixed dry and formed into conical heaps on the 
surface of the road to be treated. 

One gallon of water was poured over each followed by 5 gallons ot 
Bitumuls "WRM and the whole turned over with shovels until thoroughly 
incorporated. It was -left in heaps for 24 hours. 

A Tack coat of the safiie emulsion was then applied to the surface at 
the rate of one gallon per hundred squai’e feet. As soon as this had broken 
, the premixed material was spread evenly to li inch thickness and rolled 
to consolidation. 

Wearing Course. — 10 cubic feet of stone grit inch to dust was placed 
in a heap and wetted with two gallons of water. Six gallons of Bitumuls 
WEM was then poured over it and mixed. It was left for twem;y-four 
hours. 

It was then spread evenly to half an inch thickness and rolled to con 
Bolidation. 

The road was then opened to trafSc. 

inch consolidated Premix with Bitumuls and Tar. 

Base Course — 

10 cubic feet of stone metal graded as follows ; — 

li inch to 1 inch . . i . . . . 5 cubic feet, 

inch to i inch . . • . ■ . . . 2i cubic feet, 

f inch down to dust . . • . . oubiofeet. 

This aggregate was mixed dry and formed into conical heaps on the 
surface of the road to be ti'eated. 

Five lbs. of Tar No. I heated to 200®F, was poured over each heap and 
thoroughly mixed with shovels. This was followed by five gallons of 
Bitumuls WEM added cold and mixed until thoroughly incorporated. It 
was then left for twenty-four hours before spreading and consolidation. 

c 
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The rest of the specification including Tack Coat and Wearing Course 
•was exactly the same as for the plain Bitumuls premix. 

(b) Specifications of Annowcoat toith Colas Emulsion , — ^The details for 
•correcting the camber and preparing the subgrade by patching potholes 
are the same as described under Bitumuls. 

After this the old surface of the road is cleaned nnd then slightly 
Toughened by wire brushes and by picking it lightly at short intervals. A 
•chase was cut along the edges and bricks laid vertically. 

If there is much camber on the road which would result in Colas flowing 
off the sides, a very thin layer of srone dust must be scattered on the road 
flrst. 

Coarse stone ballast li inch to 1 inch was then evenly spread at the 
rate of 12 oft. per 100 sft. or li inch thick and lightly rolled Avith a hand 
roller. 

After the initial rolling i inch to i inch grit at the rate of eft. pet 
100 sq. ft. was spread to till in the interstices to about i inch down from 
the surface. . ^ 

The surface was noAV damped rvith water and Colas emulsion applied 
•at the rate of gallon per sq. yd. A sprayer Avas used nnd care taken to 
•get even distribution of tlie emulsion. The surface was then blinded Avith 
i inch chippings at the rate of 4 eft. per 100 sq. ft. The surface AA-as 
•.then made even bj' a dragbroom and very lightly rolled. This done, a httle 
water was sprinkled and more Colas emulsion at the rate of J gallon per 
sq. yd. sprayed on. The surface v.ns again blinded mth i inch to i inch 
screenings at the rate of 3 eft. per 100 sq. ft. and a drag-broom again used. 
The latter operation must be done A'ery carefully as it is apt to pick up 
stones leaving small holes in the surface which, if not replaced by hand, 
will render the surface uneven. 

After this the surface avos left for 24 hours and A\'as then thoroughly 
•consolidated A\ith a ten ton steam roller. 

Immediately aftei* the rolling and compaction of the armourcoat a seal 
, coat of Colas at the rate of 1/5 gallon per sq. yd. aa^s applied and blinded 
with stone dust 4 inch and less. Cost Bs. 12 per hundred square feet. 

(c) Specifications for ArmourcOat with li inch TarlBitumcn Mixture . — 
The details for correcting the camber and preparing the subgrade are the 
•same as those described under Bitumuls. 

The old sui'faoe of the road is cleaned and then slightly roughened bv 
.wire brushes and by picking it lightly at intervals. A chase is cut alona the 
edges and bricks laid vertically to afford lateral support. 

Materials, — ^T’he' folloAving two mixtures of tar and bitumen have been 
used : — 

Mistnre A 75 per cent Tnr. 

25 per cent Bitumen. 

„ B 70 per cent. Tor. 

30 per cent. Bitumen. 


The Bitumen used is Mexphalte 30/40 penetration nnd the tar is Shali- 
mar No. 2.. The mixture is prepared at tlie AA'orks and brought to site in 
se.aled iron drums. 
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Aggregate. — aggregate of Delhi Quartzite was in the 
(portions ; — 


1 inch Btone 
I „ to 11 inch . 
f » to 1 . 

iThe proportions of the ohippings were 


one- third, 
one -third, 
onc-third. 


foJlt)wing pio 


1 inch to 1 inch . 
SylC inch to 1 inch 


60 per cent. 
40 per cent. 


'Mixing . — ^The three different grades of stone were separatelj* stacked 
rand, before mixing, measured quantities were taken fronr each of tlie stacks 
jand were spread in layers one above the other. These layers were cut by 
a shovel so as to get equal quantities of each and carried to mixing drums. 
3’Iixing was done in revolving drums, the stone aggregate being put into 
them at atmospheric temperature and hot bitumen mixture at 250®!^ then 
;added at the rate of 3J lbs. per eft. in the case of jMixture A and 3 lbs. 
.in that of 13. 


The capacity of the drum- is 2 eft. end mixing is continued until the 
.aggregate is thoroughly well coated. One drum turns out GO batches of two 
ioft. per day of 8 working hduvs. 

Construaiion . — ^I’he precoated aggregate was then taken to the slor.ago 
'dump and allowed to cool down so as to develop the adhesive qualities 
•of the bituminous material. About 2 to 8 days arc considered necessai-y 
•for this purpose after which the precoated aggregate is earned to the road 
•surface where it i.s evenly spread with rakes. 

The following specifications have been followed in 4 short lengl hs treated 
•with Tar /Bitumen Mixtures A A- B : — 

-li inch Consolidated Premix. 

(n) I furlong. 

.Bas'e Course. 

'.15 cubic feet metal per 100 sq. ft. promixed willi 3 lbs. mixture 
"A" per cubic ft. of stone. 

'Surfacing Course. 

; Spread i inch — I inch dry ehippings at 4 cub. ft. per 100 sq- ft. 
and roll. 


Wearing Course. 

Seal by spraying Mixture "A” at 30 lbs. per 100 eq. ft. spread 
^ to -J inch dry ehippings at 3 cub. ft. per 100 sq. ft. and roll- 

•'Cost. — ^Es. 15-8 per 100 sq. ft. 

0 2 



{b) furloDg. 
Base Uo-ursc. 
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15 c.£t. nietnl per 100 sq. It. promised with 3 lbs. misture “A’* 
per cubic ft. metal. 

Surfacing Course. 

4 eft. cliips per 100 sq. ft. premised with 31 lbs. mixture A per 
cubic ft. 

Cost. — Rs. 13-12 per 100 sq. ft. 

(c) J furlongs. 

Base UouTSo. 

15 eft. of metnl per 100 sq. ft. premised with 31 lbs. Misture ‘li'-' 
per oft. 

Surfacing Course. 

Spread dry to | inch chips at 4 eft. per 100 sq. ft. and roll. 
^Vcaring Course. 

Seal by spraying mixture ‘B* at 80 lbs. per 100 sq. ft. blinded* 
with 3 eft. chippings nnd roll. 

Cost. — Bs. 10-4 per 100 sq. ft. 

(d) J furlongs. 

Base Course. 

15 eft. of metal per 100 sq. ft. premised with 31 lbs. misture- 
*13' per oft. metal. 

Surfacing' Course. 

4 oft. of chips per 100 sq. ft. premised with 4 lbs. misture - 
B per eft. 

Cost. — ^Rs. 14-8 per 100 sq. ft. 

N. B . — In (o; & (c) after the metal has been premised, spread and 
rolled, dry i inch— 4 inch chips are spread at 4 eft. per 100 sq. ft. and' 
rolled. These chips are not premised nith any Tar Bitumen misture 
After they are rolled in. si seal cojit w applied at 30 lbs. per 100 sft. (41 so 
yds. per gallon). ' ■ 

The quantities of metal actually used were in excess of those mentioned' 
above because the thiclmess at the edges is more than 14 inches, in order- 
to, correct the camber. 


Cost. ^Rs. 15-8 per hundred square feet. 
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S,p6oifiDatio7i8 for resurfacing 1 inch Premix with cold Socony 
Emulsion, laid on Maude Road {August 1933), 

Materials used . — Socony Emukion No. 3 Bitumen content 5o per cent, 
•of 105 grade and No. 6, 70 per Cient. of 105 grade. 

The road surface was first cleaned with whe and broom brushes. 

After the cleaning operations a tack coat of Socony Emulsion No. 3 
at the rate of li- to 2 gallons per 100 sq. ft. was applied to the clean 
■•surface. 

Stone grit passing 1 inch mesh and retained on J inch mesh was 
•placed in perforated buckets, which were dipped in larger buckets 
containing Socony Emulsion No. 6. These perforated buckets were taken 
rut and, after the excess quantity of emulsion had run out, the material 
ithus pre-mixed was laid on the surface to an average thiclmess of inches. 

After the breaking of the emulsion (when it assumed a dark colour) 
•the surface was rolled. 

After thoroughly rolling of the surface had reduced the voids to a 
minimum fine stone chips from i inch downwards were sprinkled on 
•the surface brushed even and rolled into the interstices and the road 
was opened to traffic. 

About 6 to 7 lbs. of Emulsion were required to coat one eft. grit 
in the dipping process. 

Cost. — ^Es. 9 per hundred square feet. 


.Speoifioation for Resurfacing with 1 inch hoi Socony Premix. 

Parliament Street Point P to 0/4 including Circle HjB {June 1034). 
Material used . — Socony Asphalt, grade 101. 

The old sm'face of the road was roughened with pick axes tind was 
:thoroughly cleaned. 

Stone grit at atmospheric lemperalui'e, i>assing 1 inch mesh and 
retained on inch was mixed with Socony asphalt, grade 101, heated 
•to 35001’ at the rate of 3 to 4 lbs. of asphalt per eft. of grit. The mixing 
was done in a mixing drum fitted with beaters and operated by hand. 
The precoated grit was spread on the surface of the i-ond to au average 
.-thickness ,of IJ inches and on interval of 12 hours was allowed before it 
was rolled to set. Fine stone chippings J inch dowmvnrds were sprinlded, 
brushed and rolled into the insterstices and the road was opened to 
traffic. 

Cost. — ^Rs, 9-8-0 per hundred square feet. 

( 

Specification for 1 inch carpet with Colfix, laid on Qiiccnsteay Point X 
to B and Circus X Material used Gofix of 55 to 60 per cent, bitumen 
. content {Sprain cx of 200 penetration). 

The speoifioation and the process of laying this were the same as 
aised for cold Socony Emulsion, except that 0 to 8 lbs. of emulsion 
were required to coat 1 oft. of grit. 

Cost. — Eb. 9 per hundred square f'^ot. 
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Specification for 1 inch Premix coat with Ormttl Emulsion laid on furlongs 
6 to 8 of mile 6 Dclhi-Muitra Road. 

Material. — OitouI Emulsion, Stone grit passing 1 inch and retabed. ' 
on i inch mesh. 

Construction. — The old surface .of the road which had previously been, 
treated with spramex about 2 years prior tp this teeatment had* worn 
badly and had numerous potholes t and depressions. These depressions 
were first filled with stone metal wetted and rammed and the sui’faco- 
damped. 

A thin priming coat of the emulsion was applied to the surface at 
the rate of l/5th of a gallon per sq. yd. A bottom coat of aggregate 
premixed with Ormul Emulsion by the dipping fpiocess, and consisting 
of stone gi’it pnssuig ] inch and retained on inch was then laid. 

inch to I inch stcnc grit premixed with Ormul Emulsion ivas spread 
as a top course and rolled till no movement took place. About 5 to 7 
lbs. of Emulsion are required to cover one eft. of stone pi’it in the 
dipping process. 

The road was then opened to traffic after 2 days for a few days, 
after which the surface was cleaned and a seal coat applied. The road 
was then finally opened to traffic. This has dcfinitelj* failed tc stand 
up to traffic satisfactorily. 

Cost. — ^Rs. 10 per hundred square feet. 


Mix-tn-Placc treatment of Rohiah Road in 4 furlongs of mile 3 {March 

1933). 

Binders (A) “F. 70” and Mcxphalte {30140 penetration) in proportion of 

3 to 1 in Furlongs 5 and 7. 

{B) Colas Emulsion in Furlongs 6 and 8. 

This section cames mixed traffic with intensive brick cart traffic. 
The road was remetalled in 1930-31 and the surface prior to this treat- 
ment had numerous deep pot holes. 

Scarifying. — ^The surface was swept and cleaned by broom brushes 
and it was then scarified by means of the Caterpillar Grader and scarifier 
outfit No. 20 driven by a 30 H. P Tractor. The average deptli up to 
which the road was scarified was 3". Owing to numerous potholes ,in. 
the surface veiy considerable difficulty was encountered m the adjustment 
of the scarifier which contmually required to bei lowered or raised as 
it moved forwards and backwards on the road. 

A trial was made with a “rooter” di’iven by a steam road roller, but 
this loo did not prove very satisfaotorj'. Employmg hand labour for 
picking up the surface which the scarifymg tynes had missed, proved 
"more satisfactory. 

Preparation of suh-grade. — ^The scarified material was bladed to one 
side of the road by means of a shovel-like attachment on the gr’ader. 
The surface thus exposed was sprinkled with water and rolled. 

First application of binder. — A mixture of “E. 70” and crude oil m 
the proportion of 3 to 1 by volume and heated to 200°E was applied to 
the surface at the rate of 4 sq. yds. to a gallon. 



The bladed materials which Lad been graded by liand fi’Om 2 inch 
lo f jnoh by this time were brought to the road and laid in a regular 
window in the centre in sufficient quantity to give a wearing coat of 
3 inch thichness. In grading the old ballast care was taken that all 
clay and fine materials were totally removed. As the old .suriace had 
been badly worn the quantity of old ballast obtained from it was not 
enough i;o make a 3 inch coat and new metal had therefore to be added. 
This was approximately one quarter of the total quantity used. 

Second application of hinder. — h. mixture of “I', 70” and Mexphalte- 
in the proportion of 3 to 1 was poured over the stack ,of new and old 

metal from hand pouring pots. This was done in two applications and 

..It; quantity of binder used in both was at the rate of fth a gallon per 
iq. yd. of finished road surface. The stone metal was then turned over 
and thoroughly mixed by the grader in a number of trips going forwards- 
and backwards turning and shovelling the metal until it was fully coated 
with the mixture. The precoated aggregate was then spread evenly on 
the primed surface and wa« consolidated by a ten-ton steam lOad roller. 

Stone chips f inch to ^ inch size wore spread at 4 eft. per 100 sft. 

for blinding. No further rolling was done and traffic was allowed to- 

go over the road for further consolidation. 

Soon after completion the surface showed signs of breaking up and 
ruts formed. An effort was made to make the traffic spread evenly over 
the surface by putting guide stone boulders which proved fairly success- 
ful and the surface improved as regards smooth appearance for some- 
time. The defect appeared to be tliat the binder did not immediately 
become hard enough to bind the stones sufficiently to resist being pushed 
out under the weight of tlie traffic. Hence the surface became very 
wavy and rough. 

It has however, now attained a hardness whioli is comparable with 
that of any of the heavy duty materials but still unfortunately retains 
the uneven surface. 

The treatment using Colas Emulsion was exactly the Biiroe except 
of course that it was not heated. 

The results ivere also the same. 

Cost. — ^Es. 15 per hundred square feet. 


Treating the soupace of a water bound macadam road. 

A . — Bituniuls wearing surface on Delhi Najafgarh Road, ntilc 2 F. T 

(Ocf. 1934). 

Material . — ^Bitumuls EK (55 per cent. Bitumen content of 200' 
penetration). 

Construction . — ^The surface of tlie roadway was properly denned andl 
all fine material was removed from the interstices of the base metal 
to a depth of at least J inch. 

Any holes or depressions which were revealed were patched with 
ciushed metal precoated with Bitumuls HX. 

First, application . — ^After preparing the road surface a little water 
was sprinkled on to dampen the surface. Bitumuls HX was then 
sprayed on the surface at the rate of ^ gallon per sq. yd. and this was 
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iinmedintely followed by stone chips ^ inch to i incli, which were spread 
■on the surface at the rate of 3 3 c£t. per 100 sq. ft. An interval of • 
about two liours was allowed and then the surface was drag broomed 
and rolled. 

Second applicoiion. — The surface was again damped by sprinkling 
water and a second application of Bitumuls HX at the rate of ^ gallons 
per sq. yd. was given. 

Immediately after spraying stone chips § inch to i inch were spread 
at the rate of 2'2 oft. per 100 sq. ft. After about two hours or a little 
longer the surface was dragbroomed and well rolled, the road was then 
•opened for traffic. 

Cost. — Es. 6-8-0 per hundred square feet. 


Theatixg the schfack of a \V.\ter Boun’tj Macadam Eoad. 


jj. — far Bitumen Mixture tccarmg surface on 

Mih 11 (Oct. 1934). 

Material — 

Mixture xV. 

Dclh i-Najafga rh 

Tnr Xo. 2 .... . 

Moxplialtc 30-40 penetration . . 

75 per cent. 

25 per cent- 

Mixture B. 


Tar Xo, 2 . ... , 

^Icxphaltc 30-10 penolralion . 

70 per cent. 

30 per cent. 


ConslrucHon. — ^The initial process of cleaning, etc., was carried out 
-iis in the case of Bitumuls wearing surface. 

The Tar-bitumen mixture at 250°F was then applied by means of a 
“prayer at J and i gallons per sq. yd. respectively of mixtuie A for 2 
furlongs each and i and i gallons of Slixture B for another 2 furlongs 
each, making up the total to a mile. After this application the surface 
was blinded "w-itli stone chippings s inch to inch at the rate of 3 eft. per 
iOO sq. ft. and rolled. 

Cost. — Es. 5-4-0 per hundred square feet. 


n. — Tre.vtixg 'rtiE surface of painted roads. 


'faT-Bitiimen Mixture wearing surface on DclJii-NajafgaTli Road Mile 

(Oct. 1934). 


Material — 


Mixtme A. 


6 


Tar Xo. 2 ... . 

3Icxphalie 80-40 penetration 

Mixture B. 


73 per rent. 
23 per cent. 


Tar Xc. 2 « » • . . 70 per cent. 

Slesphiilte 30-40 penetration . SO per cent. 
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Consintotion , — ^Tlie old painted surface of ths coat was properly cleaned 
and all dust and dirt was removed. ' 

Tar-Bitumen mixture at 250OF was then applied by means of a 
sprayer at the rate of J and J gallons per sq. yd. respectively of mixture A 
for 2 furlongs each and i and i gallons respectively of mixture B for 
another 2 furlongs each, making a iotnl of one mile. 

The surface was then blinded 'with J inch to i inch stone ehippings at 
ithe rate of 2| eft. per 100 sq. ft. 

It was then rolled and opened to traffic. 

Cost. — ^Rs. 2-8-0 per Hundred square feet 


Cement concrete Road — 

1. S Furlongs on the old Roltiah Road (April 1934:). (I of F. 8 

Mile 3, F. 1 and of F. 2 of Mile 3.) 

2. 2 Furlongs on the Meerut Road (October 1934). [Furlongs 2 

and 3 oj Mile 1.) 

The above concrete caiTiagewaj’s are of an experimeulal character 
Sind have been laid on sections of Provincial roads that are subjected to 
mixed traffic with intensive four-wheeled eart traffic. The former has 
■been laid on an old macadam bed in a single course and the latter has 
been constructed as a double course, on a section which had I’eoeived a 
grouting coat with an emulsion lost year. This section soon after that 
treatment started breaking up and just before laying concrete its condi- 
tion was so bad that it had to be closed to traffic. The sto.ne metal did 
not effectively bind together hut remained loo.se and crumbled away 
under the impact of the load resulting in n large number of depression 
•all over the surface. The entire grouted coat had therefore to be 
removed to obtain a solid base under the concrete slab. 

On the Eohtak Eoad to comparo the resistance to such traffic of 
concrete with that of other high grade pavements one furlong lengths 
•were constructed with 2^ inch compacted coats of Shelcrete, Premixed 
Tar Carpet and Water Bound Tar Macadam. A detailed description of 
these is given in the preceding pages. It will be interesting to note 
how the degree of wear obseiwed with these various experimental surfaces 
'Compares with that of concrete and to determine the economic life of 
•each type. 

For the concrete road a section has been udojitcrl with a 

central construction joint and an expansion joint at 33 ft. intervals, A few 
■bays have been constructed of the full width with straight and skew 
joints. 

Two long bays of the full width of cross section have boon constructed 
•with an expansion joint only at the end of each day's work. Hoop iron 
hexagonal rings have been introduced H inchois below the finished surface. 
It is expected that fine contraction cracks will occur follou'ing these 
hexagons and large cracks •will be avoided. Edgo roinfoi'cement and 
M. S. dowels have been given in certain slabs. These various forms of 
■construction are shown on the plan. 
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Materiala. 

Gcnient. — The cement used is slow setting Portland cement of EBB. 
brand manufactured by Buudi Portland Cement Lid. It passed tbe 
following tensile tests made by the manufactures with standard sand: — 
‘ ■ i i 1 

I 

Sand and cement ralio 3 io !• 

After 3 df.ys .... -I’i! Its- per "iq. iiicii. 

Aftor7<lny“ • . . '>17 tio. 

The cement was supplied in jute- bag.s and a certificate was furnished' 
by the manufacturers showing that each consignment was tested and 
that it conformed in nil respects to the Britisli Standard specification 
for Portland cement. 

The tensile tests made of each consignment on its deiivery at the 
site of work gave the following results: — 


Bvdya Naln sand and ermeni ralio 3 :1. 

’ Af(cr3dnys .... 3H lb?, per *q. inch. 

After 7 days . 120 do. 

The quantity of cement used was 6.35 lbs. per cubic yard of finished 
concrete. 

Coarse lU/y i t'ljal r . — In selecting the aggregate tlje various lyj)es ,of 
stone ovailabie wei-e tested to determine toxighness and liardniiss and 
degree of wear under wet and dry attrition tests. The aggregates vary 
a little in their granular structure, some being fine gi-ained and others 
more coarsely crystalline. The supply has been obtained from four 
quarries, two being in Delhi, ihe Jhandewala and Batin quarries and 
two at Tughlnqabad, the Lado Snrai and Maidan quarries. Each of these 
quarries yields a hard blue quartixite stone. 



Test Results. 

tests M uH^e earriii c,U ai the Oovsenmat Test Hmse. CstcUa, are labalated 6.ta .• 
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It will be noticed from these results that there is very little to choose 
'between the local stone, the best being that from Jhandawala quarry. 
The results however suggest that unless a binder having high ductility is 
used these local stone metals are unlikely to stand up to heavy traffic. 
Purtlier, as tlio wot. attrition is much more inarlced than the dry, preven- 
T'ion of water soaking into the stone is very important. 

Particular attention was given to the grading and cleanliness of the 
-agpregate. The following sizes were found to give mnvinnnn density and 
XDUiimum voids when mixed in the proportions given below: — 

PaRsing in«h aq. Tncali of standard 

wire screens and retained on J inch CO per cent. 

Passing ^ inch sq. lacsli of standard 
wire screens and retnined on J- inch -10 i>er cent 


The above grading was followed for the single course construction. In 
the two course construction the grading was as follows: — 


Fior lower layer — 


Fasring li inch sq. mesh anti retained 
on ij inch sq. mesh . . . 

CO per cent. 

Passing ' inch sq. mesh and retained 
on ^ inch sq. mc’h . 

40 per cent. 

Por upper layer — 


Passing j inch sq. mesh .and ictaincd 
on 1 inch sq. mesh . . 

CO per cent. 

Passing | inch sq. mc?h and retained 
on i inch sq. mesh 

•to per cent. 


The screens used for grading were of steel wire of which the gauge 
•varied with the size of the opening as given below: — 

1. Birmingbain AVire gauge. No. S, for lA inch mesh. 

2. Birmingham Wire gauge. No. 9, for f inch mesh. 

3. Birmingham AA^ire gauge. No. 12, f..r inch mesh. 

•1. Birmingham AA^ire gauge. No. 18. for J mch me.sh. 

The percentage of voids iii the single eouivc aggregate after grading 
•was found to be 38 and in that of the upi)cr Javt-r of two-course construc- 
tion 42. 

Fine Aggregate.— The sand was obtained frcni natural deposits in a 
■ravine known as Budya Nala about 14 miles souih of the citv. This is 
- free from loamy clay and organic matter. A little clay got mfxcd into it 
from the pound as suitable loading and unloading arrangcnients with 
pucca platforms did not e.\ist. This nece-ssitated wnsliiim which was done 
an running water and produced a very clean sand. “ 
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This sand was not ns well graded as was desirable and to get a good dense- 
sand it was blended with and her sand from the same ravine in equal 
proportions. A sci'een analysis of each of these sands is given below. 


No. r. No. II. 


1. Passing i mesli and relaincd on 10 1. Passing 4 tnesh and retained on 10- 

jnesli 9 per cant, mesh 52 per cent. 


2. Passing 10 mcsli and retained on 

60 mesh 84 per cent. 

2. Passing 10 mesh and retained on 60 
mesh 40 per cent. 

3. Passing 60 mesh and retained on 

100 mesh 6 per cent. 

S. Passing 60 mesh and retained on IOO- 
mesh 6 per cent 

A mixture of equal parts of these two sands gave the following soreea 
analysis using A. S. T. M. sieves: — 

Passing 4 mesh and retained on 10 
mesh . 

30' 5 per cent. 

Passing 10 mesh and retained on 60 
roesh ..... 

41' 5 per cent. 

Passing 60 mesh and retained on iOO 
mesh ..... 

6' 0 per cent. 


A graph of the sieve analysis of the mixture shows that it come& 
, within the peimissiblo limits of a standard sand. 

Samples for crushing and tensile strength were made with this sand 
as well as with tli.at of Pathankot for a comparison. The results are 
shown below: — 


A. 


I.— Pathankot sand, stone grit oggrogatc and 
cement ... . . . 

II. — Bndhyo Nala graded sand, stone grit nggreg.ato 
and cement 


B 

I. — Pathankot sand, stone grit aggregate ond 
cement . • . • • . 

II.— Budhya Nala ungraded sand, stone grit aggro- 
gnto and cement ..... 


Proportions. 

Ciushing 
strength tons 
per sq. in. oftcr 
9 days. 

1 : U : 3 

I'SO 

do. 

1*28 


Crushing 
strength tons 
per sq. in. after 
14 days. 

1:2:4 

1-46 

do. 

O' 92 


14 days tensile tests for sand and cement mortar in the proportions ol 
1 to 2 gave the following results: — 


Proportion. 

I.— Pathankot sand and cement . . 1 to 2 CIO lbs. per sq. in. 

II. — Bodhya Nala gnaded sand and 

cement 1 to 2 416 do. 
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Pnthnnl;ot is about 100 miles East of Lnliore and 350 miles from Delhi. 
The sand is obtained from the Chaltki river. 

It is a mixed lime stone gravel and bard trap sand of grey or bull 
coloured particles. The good results that have been obtained in the tests 
made with this sand are due to its homogeneous nniiire and also to the well 
graded and well proportioned composition. 

The main defect of the local Bndhya Nala sand is that its particles 
a\re of a more uniform size and the volume of its voids is large. 

A comparison is given below 

1. Void poruontSfic in Pftthftnkot snnil ..... SiO 

2. Void |ierci*nt.ngc in ungraded lliidliy.-i Xahi sand . . 31 


By grading the sand between 10 me.'sh and 100 mesh the voids were 
found to be 28 per cent. 

The results of tensile tests with graded Budya Xala .sand wrre satis- 
factory, giving an average of 415 Ih.s. per sq. in. after 14 days. Those of 
Patha'nlcot were 510 lbs. per sq. in. after the same period. 


ir«tfr. — Care was taken that the water used was clean and available in 
.adequate quantities. A continuous supply was maintained throughout the 
period during which the concrete was laid and cured. A pumping set 
was installed and a pipe line was laid with hydrants at short intervals. 
■ This ensured an efticient water supply. 

The quantity of water per bag of cement was approximately 4‘75 
gallons during summer months and 3i gallons during winter. 

Occasional slump tests were made to check the consistency of the 

• concrete. The slump was so little as not to be incasurable but when 
actually laying the concrete it w«s found to yield an appreciable quantitj' 

. of Initanoc on being tamped. 

Tn addition to the slump test during mixing operations cylinder blocks 
4 inches din. by 8 inches long were made of the mixed concrete each dav 
for comiiressive tests. 

The results of 9 tests gave a mean compressive strength of .3075 lbs. 
per sq. in., the maximum being 5400 lbs. 

Svb-gradc work . — The old surface of the road was picked up where 
necessary to give a regular gradient to the <-i>nci-ete road and also to bring 
the base to the profile of the slab. 

• A layer of clinkers and ash was spre.id over ilie picked up i-oii"h surface 
-of the subgrndc. The average thickness of the layer was 2 indies. Tt 
-was well rolled with a 12 ton roller with plenty of water. The surface 
-w'hen dried, was h.nrd, well set and eii-n. 


A thin layer of Jumna sand was then sproad to prevent the cement 
mortar of the concrete running down into the clinker coat. The sand was 
kept moist by damping it witli a watering can fitted with r. fine rose. 

Before la.ving the concrete iron side forms were fixed. Insufficient of 
these were aAjailable for the work m progress and brick walls 9 inches deep 
and 7 inches high, built in cement mortar and finished w'ith cement plaster^ 
were substituted. These were made tree to the longitudinal levels. To 
ensure accuracy of the cross level and uniform thickness tliroudiout the 
-construction wooden templates weie used. Uq lout xue 
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Camber. — ^The cross fall from the edge of the road to n point 0 ft. from 
lit is in a slope of 1 in 72 and the central portion is cambered to a curve. 

Mixing and depositing. — ^ilixing was done by hand in batches using 
:two bags of cement per batch of measured aggregate by volume. 

Wooden boxes 12 inches by 12 inches, by 14 inches were used for 
uneasuring aggregate and sand to facilitate an accurate proportioning with- 
•out having to measure cement. 

Tor the single course construction in 1:2:4 proportions, each batch 
jrequirea 4 measures of sand, 5 of inch broken stone aggregate and 3 
-of f inch to i inch fines. 

For the two course construction the batches for the lower layer were of 
ithe same proportions as for the single eoui’se. The batches for the upper 
Jayer required different measuring boxes. These were 12 inches by 12 
inches by 214 inches. In each batch two bags of cement required 2 
;measureB of sand and 4 of aggregate. 

Each batch was separately mixed and handled by the men allotted to 
•it and the mixed materials were carried in iron puns and deposited in the 
bay under construction Water was added by measure using watering 
•cans with fine roses. 

Mixing platfoi-ms were arranged at such intervals that the period 
^between the mixing of a batch and carrying it to the site did not exceed 
' 16 minutes. The treatment of the concrete after depositing wa.s a matter 
•which requhed great envo and attention. 

The concrete for tlie bottom course in two course eiaistructiou was 
;placed directly upon the base and was thoroughly rammed as it was being 
•deposited with cast iron rnmmoi'^ of 6 inches dia. iiirl about 14 lbs. in 
weight. 

This was done in order nol to leave anv voids and to sjat'iid it in the 
■required shape. The top course was added ivithin 15 minutes of the lay- 
ing of the bottom course and was well tamped with a tamper, rigid and 
■shaped to the true curve and cross slope of the camber. The tnni|wv has a 
■tamping edge 2 inches wide shod with a steel strip J inch thick. Tamping 
•was continued until all voids had been eliminated. 

Immediately after finisliing the surface the conci’ete was etficiontly 
•protected from tlie sun by tenting with canvas nailed to a wooden frame 
•woi’k and within 24 hours after depositing, the surface of the concrete was 
•covered with canvas or empty jute bags which wore kept wet. 

The surface of the concrete was finished by means of n 4 ply bow belt 
12 inches wide. Tin's was about 2 feet longer than the widih of the slab and 
•stretched tight by means of a wire fixed to a wooden block at the end and 
was moved with a coml)ined ci'osswise and longitudinal motion across the 
•surf.lce with a slight longitudinal advance. This belting was given to the 
finished surface of the concrete in order to pvodtice a uniform .surface finish 
■with a gritty textiire. 

1.' Types of Consfructioit . — Long Bay construction with hexagonal 
lioop iron reinforcement rings. 

The length of such bays was kept at 99 ft. and these were constructed 
■of the full width of the road wiihoui a central joint. An expansion joint 
^ inch -wide was given the end of each bay. 



Tlic inelhofl of cousiriietioo wns I lie sfime ns that for a Uvo-coiirss 
concrete construction. ‘I'lie sti-ol Ii.-jojk wero used in the surface layer m 
regular panels, the hooji.s heing aminged alternately. 

2. Strip Consiniciiou . — This method of const met ion has been largel)- 
followed both lor single course and two-course construction and is from tlie 
construction point of view the simplest. It also affords facilities for 
controlling traffic by mailing it follow well defined traclis. It has the 
additional advantages of limiting it easy to obtain a true longitudinal gr.nde 
and camber with short lninper.« and longilndinal fornis. 

Cost. — Bs. 58 per liundred square feet fr)r 7" — 5" — 7" section. 


8 feet wide cement concrete and 16 feet wide SI inch Tar Carpet with seal 
coat and 2^ inch shel-crctc laid in A furlong of furlong 8 mile 2 anil 
i furlong of furlong 1 mile 3 on Robtak Road. 

The old surface of this road was badly worn and had nuincrons pot- 
holes. This necessitated picking it up to a depth of 8 inches and renewing 
it adding a 3 inch coat of new nietni. 

The width of the road in the section htOeelcd is 2*1 feet. Tins width 
was divided into strips IG ft. and 8 ft. wide respectively. 

The 16 ft. wide portion wns brought to the required grade and camber 
as a water bound Macadam road to a level 2J inches below the proposed road 
level. The 8 ft. wide portion was simihirK brought to a finished sub- 
grade surface witli ashes, etc., as described under Concrete Roads at a depth 
of 6 indies below the jiroposed road level. 'J’o keep the e.xposcd edge of 
the 10 ft. length as a truly vertical joint the last 3 ft. width on the side 
whore the Cement Concrete road was to be hud was consolidated as a 
Cement IMortar hound road on the sandwieli system ag.ainst a steel 
form. After sotting and removal of the steel form this vertical edge wns 
plastered with cement plaster and the Cement Concrete strip laid against 
it. 

Cement concrete m the proportion of ]-2:4 was laid in the eight foot 
strip with a 6 — — 6 inch section having a camber of 1 in 72. ?- inch 

expansion joints were provided at intciwals of 33 ft. and filled with pro- 
moulded asphaltic filler. The geneml specifications for pr»p.arntion of sub- 
grade, and mixing and laying of concrete WL>re followed. 

For i furlong the 10 ft. strip wns toMicd with 2^1 inch Tar carpet and 
a seal coat and the other i furlong with inch Sholcrelc. The 2J inch 
carpet coats of Tar and Rlielci'ete were laid according to their respective 
standard specifications. '' . 

Thi& concrete vith asphalt or tor cariiet road was intended to carry 
heavy loaded bullock carts the concrete strip being on the left, of the road 
in the direction m which most loaded carts travel. 

Corf.— Cement Conerete 6" — 4"— C" 

section 8 ft. wkle . . Rs. .W per hundred sq. ft. 

16 ft. wide 2i" Shcleretc or Tar . Rs. 21 do. 

Average cost. — ^Es. 25 per hundred square feet. 
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•Note on patch work with Socoflx and Socofalt in furlong 8 of Mile 9 Rohtak 

Road. 

Experiments with "Soeofix” and "Socofalt” were carried out in small 
patches on Kohtalc Eoad, where the old road had many deep potholes. 
Different patches were treated with diffei-ent methods as follows; — 

fl) The surface of the road after being cleaned was given a tack 
coat of the material. Stone grit §■ inch to 1 inch pvecoated 
with the material at the rate of J of a gallon per eft. was 
spread over it and this was then covered with Badarpur sand 
' preeontod with the mateiial at the rate of § of a gallon per 

oft. and rolled. 

(2) The same method was followed as Ko. (1) but Badorpm* sand 
was mixed with 10 per cent of fine filler (I'oad dust). 

. (3) A. small stack of stone grit sufficient for the patch was made, 

over which Socofalt was poured at the ratei of J gallon per 
eft. This was then mixed with a phowrah, till the grit was 
fully coated. 

A tack coat was first applied on the patch and the precoated metal 
spread over it. It was then rolled with a hand roller anrf 
opened to traffic. 

(4) The surface of the road was first painted and covered over with 
stone grit. It was then rolled before opening to traffic. 

These materials have only recently been introduced aud consist of 
Soeony Asphalt mixed with different cut back oils in different 
proportions. They can be used cold like emulsions but have 
the advnniage of a much higher bitumen content. S 'Cofix 
hardens in a comparatively short time while Socofalt does bo 
only after about 12-24 hours. 


inch Waterhound Tar Macadam coat laid on 1/2 iuilong 4 and 1/2 furlong 
5 of mile 3 Bohtak Road. 

Material used Shalimar Tar No. Z, 

The old surface of the road was badly worn and had developed numerous 
potholes. The surface was picked over to a depth of 3 inches and tlie 
material obtained was spread on the surface the screenings being at the 
bottom and the bigger metal on the top. New metal was added wlierO' 
necessary to make up the thickness of the metal to 3 inches. 

This Avns lightly rolled, the purpose of rolling being to interlock the 
stones. A small quantity of fine clay was used to act as a binder. 
This done the roller was taken off and a layer of 24- inches of 1^- inch 
matal precoated with Tar No. 2 at 2.50®E at the rate of 24 lbs. per eft. 
was spread while hot. 

Before rolling, 4 eft. per 100 sq. ft. of i inch to f- inch bajri precoated 
with Tar No, 2 at 2.50®'P .at the rate of 3 lbs. per eft. was spread while 
hot. 

T) 
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The road was rolled dry, till no movement took place. At this stage 
wet rolling was begun and continued until adequate compaction took place 
water being added gradually. 

When consolidation was complete, the fine material from screening was 
spread over the surface and thoroughly washed in with copious water 
and allowed to stand for 24 hours to partially dry when a final light rolling 
was given. 

Traffic was kept off the road for a week and the road was kept wet for 
2 weeks more' A seal coat was aj^lied after two months using Tar No. 2 
at the rate of In lbs. per 100 sq. feet. The seal coat was not originally 
specified but was done because the surface showed signs of breaking up. 

Cost. — ‘21" Tar carpet Es. 18-8 per hundred square feet. 

Seal coat Es. 2-8 per hundred square feet. 

inch premixed coat with Hot Socony Asphalt laid in furlongs 2 and 3 
of Mile 1 of Meerut Bead. 

Materials — Bitumen.— Hot Asphalt grade 101 of Standard Vacuum Oil 
Co., with a cut back. 

Aggregates. — ^For binder coat, li inch to 1 inch stone metal. 

F ir Weanug coat. | inch to inch stone grit. 

Prcparattoit of Base. — Tliis section of the road had been given a coat 
of two inclui metal grouted uitli Colfix Emulsion in the year 1932-33 which 
soon after laving showed signs of deterioration and gave way imder the 
weight of intensive brick-cart traflic -which this section carries. It was in 
such bad order as to uoeessitate complete removal before laying the pre- 
mixecl coat. The base, after removal of the grouted layer showed many 
loose spots which where jiicked out. Prior to laying thei premised coat, 
they were carefully filled up with premised aggregate, levelled up and 
rolled so as to form a hard base. 

Preparation of Premix — ^Thc Asphalt (Socony 101) was heated in a tar 
boiler to 3oO°V and the correct quantity at the rate of 3 lbs. per eft. of 
stone metal was drawn off fr-om it into a bucket. To this was added a cut 
back, Socosol, at the rate of 1 '>z. to every 1 lb. of Asphalt. 

The cut back was made by mixing Socony Asphalt 105, of 80 — 100 
penetration and Kerosene oil. The Asphalt was heated to 250°F in a lar 
boiler and was drawn off into a container in which it was mixed with 
Kerosene oil in equal quantities by volume. 

The aggregate was mixed in locally made dnim mixers mounted on a 
■wooden frame -work. Each mixing drum liad three mixing arms fixed 
inside which prevented the aggi’cgate from sticking together. 

The mixture of Hot Asphalt and Socosol 6 lbs. weight was poured over 
the 2 eft. of stone metal in the drum which -was then rotated by two men 
150 times, after which the prenuxed material -vv'as taken out and carted 
in wheelbarrows to the site of work. 

Construction — 

Bmdcr coof.— The premix -n^as evenly spread on the road to an tm- 
oompacted depth of 2 3nches and rolled by a steam roller till no movement 
took place. 



47 


Wcarivg coat . — Stone ehippings $ inch to i inch size, mixed with fine 
■dust in equal proportions wei'c promixed in the same manner as described 
•above and spread on the binder course to an nncompaoted depth of 1 inch, 
and consolidated. 

Fine stone dust was then spread on the surface and the road opened 
•to ti'affic. 

Cost. — Es. 17-8 per hundred square fnet, 

Specification for inches Tiinhnac laid in furlong 3 Mile 3 of G. T. Itoad, 

to Mccnit. 

Material . — Trinimac Asphalt cement is jirejinrcd by mixing Trinidad 
llake Asphalt and flux oil by taking 80 parts of the former and 20 of the 
latter. The flux oil is a residual product of Petroleum distillation and 
should have a flash point, of 400°r. 

To prepare the Asphalt cement, the Lake Asphalt is heated in a tar 
boiler to a temperatui'e of 2j50°P and the flux oil is gradually added, the 
contents being thoroughly stirred so as to ensure complete incorj)fjri;tion 
■of the asphalt with the flux oil. 

Aggregate . — ^Tor binder course 2 inches to i inch. 

■ Wearing surface. ^ inch to dust. 

General Remarhs . — ^This section of the road was treated with Premixed 
course of Socony Emulsion varying from 1 in. to 3 inches in thickness. 
The surface, however soon after that treatment disintegrated and it became 
necessary to remove it completely before laying the Trininjac. 

Cdnsimetion — 

Binder Course . — The Trinimac Asphalt cement prepared as above was 
heated to a teinpernlure of in a tar boiler, and drawn off into n 

bucket and mi.ved with aggregate in a rotary mixer, llio stone aggregate 
being at atmospheric temperature. 

4-8 lbs. of Asphalt cement wore required per eft. of stone .aggj’cgate to 
•completely coat every particle of it. As soon as mixing was complete 
the Trinimac wn.s taken- out of the mixer and enn'iod to the site of wak, 
where it was stacked and used cold. It. was evenly spread on the prepared 
base to an uncorapacted thiclmess of inches. It was then rolled to 
.complete consolidation with a steam road roller. 

Wearing surface . — ^Tlie proportion of aggregate to asphalt cement was 
the same ns in the Binder Course. Tlie Avenring surface was spread imme- 
di.ntely after the consolidation of the binder course and was rolled to final 
consolidation. The total compacted thiclmess of the two courses vas 2J 
inches. The finished surface was Ihen dusted over with stone dust and 
n final rolling ghfcn before opening the road to traffic- 

Cost . — ^Es. 22-4 100 sq. ft. 

Specification for Stanoircad treatment of I furlong of furlong 2, furlongs 3 
and 4 and i furlong of furlong 5 mill’ 6 of Muttra Road. 

Materials . — Socony Asphalt grade 105. 

Soeony Emulsion No. 3. 

D 2 
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The existing load surface was properly cleaned, and all potholes of 
1 incli depth or over- repaired with precoated aggregate. 

Socony Asphalt grade 105 was sprayed at the rate of 50 to CO lbs. per 
]0() sq. ft. on the prepared surface, and stone metal passing a li inch 
circular mesh and retained on a f inch mesh was broadcast on to the hot 
Asphalt at the rate of 12 eft. pea* 100 sq. ft. 

This coat was lightly rolled and metal added or removed, as necessary 
to gel an approximately true surface. A further 5 to 6 eft. per 100 sq. ft. 
of stone chips passing ^ inch mesh was then spread, and rolling commenced' 
with a heavy dragbroom attached behind the i*oller. 

During rolling and dragbrooming more chips were added as necessary 
wherever the texture of the surface indicated a shortage. When the 
surface texture was absolutely uniform, it was treated with 3 gallons per 
100 sq. ft. of Socony Emulsion No. 3 and left for 3 to 4 hours unthout 
disturbing the surface in anyway. 

Finally, a little fine gi’it was spread over the surface, which was again' 
rolled and dragged before being opened to traffic. 

Cost. — Rs. 11 per hundred sq. ft. 


Traclctvayif on an earth road. 

Badli Road . — ^This earth road of the ordinary village type which in a? 
length of 0 furlongs from the Kanial Road to Badli Railway Station 
has"^ been hrideed and graded was seleetod for improvements with various 
tracks laid direct on the e.u'th formation. The traffic on this road is 
almost entirelv village enrU from the neighbouring villages. During the 
rains Avlien all other tracks in the vicinity are submerged, this road gives, 
the only access to the Slain road. 

The following tracks have lieon laid : — 

(1) Bharatpur stone slabs 4 inches thick in a 200 ft. length. 

(21 Plain Cement concrete tracks 0 inches thick in 1^ fnrloncs. 

(3) Cement concrete tracks witli rcinfoi'cemont of mild steel bars- 

at lop and bottom in 1 12 furlong. 

(4) Plain cement concrete tracks G inches thick inlaid on top with 

1 inch Shelslieet in 1 furlong. 

(5) Cement concrete tracks with if. S. reinforcement nt top and' 

bottom inlaid with 1 inch Sbclslicet in 1 furlong. 

(6) Cement concrete tracks 3 inches (hick over 6 inches lime concrete 

in 1 furlong. 

(71 Cement concrete tracks 3 inches thick over 0 inches lime 

concrete inlaid with 1 inch Shclsheet in 1 furlons:. 

Preliminary prey oration. —In the fir.st 900 ft. length, the embankment 
was raised by a few feet. Tliis was done to keep the formation level 
above the highest flood level which was higher than the original formation 
level cf the hank. - 

The earth was laid in layers of 1 foot thieloicss and each successive' 
aver was thoroughly well watered and consolidated with an eight-ton- 
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Types of Gonstruciion. — (1) Bhamtpvr sfone sJabs.— These slabs are 
4 inches fchielr and 8 to 10 ft. long and have boon laid on the ordiniiry 
soil. The cleav space between them was 3 ft. Before laying these slabs ^ 
-the enri'h M-as dressed, rammed and watered. Plain butt joints were given 
•at the ends of the slabs. 

(2) Plain Cement Concrete tracks. — ^Tn constructing the tracks iron 
•side forms were used. These were laid for the full track and both the 
-strips were concreted at the same time. The side forms were held in 
position by long iron pegs let down into the ground and by wooden struts 
which sen'ed both for gauging and resisting any inward movement of 
•the forms. 

Prior to laying tlie concrete, the eartli was thoroughly rammed and 
watered and a thin layer of fine sand was spread uniformly ond damped. 

Aggregate, — ^The coarse aggregate consisted of the following grades 
■•of stone ballast; — 

(1) Passing li inch and retained on ^ inch 60 per cent. 

Passing J inch and retained on J inch 40 per cem. 

(2) Passing J inch and retained on § inch GO per cent. 

Passing f inch and retained on ^ inch 40 i)er cent. 

Fine aggregate. — ^The sand was taken from Budya Nala and was a 
;sharij, clean and hard quartzite sand. Two grades were required to be 
■combined to produce a siiud with the standard grading. See details of 
concrete Eoods. 

Mixing. — The mixing was all done by hand, Brick platforms were 
laid out at suitable points in each furlong and the required quantities 
of material were collected in advance of the work. The water uns drawn 
irom wells situnlod aljoufc half a furlong away from the road ond sufficient 
quantity was stored in Tanks ei'ected at three places at almost equal 
■distances in the wliolc length of the road. The water was clean ond 
free from deleterious matter. 

The general details of the work were precisely the sanre as linve been 
•described in the note on concrete roads. 

(3) Cement Concrete with reinforcement. — ^The general details of con- 
struction in this type of construction wei’C the same as tor tlic plain 
•cement concret-e. The reinforcement steel consisted of four mild steel 
round bars ^ inch di.ameter placed at the bottom 2 inches above the 
•base and five mild sled bars four feet long and of the same diameter 
at each end of tlic strip. The bars were suspcnrled by wire and kept 
•at the correct distance apart by using wooden templates. 

(4) Plain Cement Concrete inlaid with 1 inch Shchhcct. — ^In this typo 
■of construction the upper surface of the track strip was depressed by 
one inch leaving a 3-iaeli concrete edge on either side during cnnstruction. 
The depressed surface was kept rough and diagonal lines were also made 
in it at short intervals. This was done to preveut the Shelsheet from 
being pushed under traffic. 

(а) Cement Concrete Track with reinforcement and inlaid with 1 inch 
Shchhcct. — The details of construction of this type arc the same os 
•of 3 and 4. ■ 

(б) Cement Concrete tracks 3 inches thick over 6 inches lime con- 
•Crete. — ^In this type of construction the general details were the same as 
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in other types. Prior to laying cement concrete a bed of lime concrete 
was laid. Tlie side fonns wore made with 9-inch dry bricks laid flat 
and 6 inches high. 

The lime concrete consisted of mortar of one part of slaked lime and 
throe parts of Badarpur sand and Delhi quartzite stone aggregate passing a 
1^-inch screen. 40 per cent, by volnmo of wet mortar was added to the 
aggregate. The cement concrete top coat was laid after the lime concrete 
had well set. Before laying it the surface of the lime concrete bed was 
roughened to give a bond. 

(7) Crmctit Concrete trades 3 inches thick with G inches lime concrete 
inlaid with 1 indi Shelshcct . — ^In this type of construction the details of 
the work are the same as described above-. The upper surface was con- 
structed in- the same manner as type 4. 

Joints . — ^The joints are 33 feet apart and were filled vdth prcmouldcd 
asphalt filler. 

The tracks on completion were kept wet for 14 days. TJie space 
between ihcni was filled with earth and the sides were made up and 
thoroughly well rammed with hand rammers. 

Traffic was allowed on the road after the earth work was completed. 

The premoulded asphalt filler was prepared as follows: — 

Expansion on concrete roads has been provided for by ■§ inch expansion 
joints filled with prcmouldcd Mcxphnlte joint filler. This filler has been 
made locally fi'om ^lexphalte, Jumna sand and Sawdust. 

The Mexphaltc was heated in an iron pan to a temperature of 250°^. 
A mixture of sand and Sawdust in equal proportions was gradually added 
and the whole thoroughly stirred, till the material became stiff. The 
quantities required for making 20 Joint fillers four feet, long, 6 inches wide 
and I inch thick were one cubic ft. cncli of sand and Sawdust and 5 
gallons of Mexphaltc heated to 250OF. 

The material was poured out ioto w'ooden moulds each four feet long 
and six inches w'ide and lined with paper. It was rolled with a wooden, 
roller and dressed to shape. The strips of the filler were then buried in 
sand where it hardened and was then ready for use. It can be cut as 
desired. 

The filler was placed against the face of the concrete of the bay already 
laid at the joint and concrete of the next bay was laid against it. 


Specification for applying seal coats. 

Seal coats have been provided on some of the roads to prolomr the 
life of the road surface. Various materials have been used for this 
purpose including Colas, Colade, Shelmac, Spramex and Tar 

The potholes and depressions in the road w-ere filled in and repaired 
by patching before starting the work. This done the surface was 
thoroughly cleaned free from dust and the sealing material spread on it 
at the rate of 3 gallons per 100 sq. ft. The surface was then immediately 
covered with ^ :nch stone gz-it evenly spread at the rate of 4 eft. per 
100 sq. ft. and carefully rolled with a steam roller and opened to traffic. 
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Mr. A. W. H. Dean (the Avthor)'. The tourist map of Delhi, which 
jou have all been given this mornmg. has got on ifc first of all a reference 
to a whole series of different specifications to wliich roads have been 
surfaced and to tlae corresponding number as marked in red on the map. 
This will enable you to inspect any roads independently, if you find time 
and the desire to do so. 

I have a little additional information in regard to the costs which I 
will be able to give any of you w'ho want it as we go round — costs of 
our stone metal and costs of carting — ^which will be useful for comparison. 

There is ,one other point which I am a little diffident in mentioning 
but which I ^ feel is sometliing that ought to be cleaved up, and that is, 
the ordinary nomenclature to be used in describing work on roads. When 
I was going round on this tour, I heard people talk of gallons per square 
yard, pounds per square yard, tons per mile, and so on. Here I have 
tried to confine myself to pounds per 100 square feet. The yard is not 
by any means generally used in India as a unit of measurement. We 
measure our metal in units of 100 cubic feet and our areas in units of 100 
square feet. I feel that the yard is e unit which might be dropped. 
I have got a few figures also converting my units into tons per mile, 
which I can give «b we go round to nny people who are more familiar 
with that method of describing what they do. 

There is one additional thing which I h.avo been asked to show people 
as we go round and that is a method .of using waste bituminous metal 
dug up from roads. We found that we had a few comparath'ely un- 
successful experiments where we had to dig out the surfaces, and also, 
.on other occasions, we allowed roads to be almost completely destroyed 
in order to see what their life was, and we had to dig tliem up. We liad 
thus got a lot of waste bituminoris metal which we have been using 
for paving our side walks. There is a specimen near Maiden’s Hotel. 
It has been there for ten months and it seems fairly satisfactory. What 
we do is this. We lake 400 pounds of bituminous scrap and heat it in 
an old drum uitli an opening along the lop, about 18 inches wide, and 
when it i.s fairly hot, and has been stirred, we put in a varying quantity 
of crude oil — about 2 or 3 pounds. In the hot weather wo find that this is 
not always necessary, but in the cold weather it has to be fluxed with 
a small quantity. We then add 5 pounds of bitumen, and it is then 
taken out in closed carts as hot as possible and spread on the levelled 
earth surface of the side walk and trowelled to about an inch thickness. 
That is going on on one of the roads that we shall go over, and T have 
been asked to show that also to the Congi’oss, although it is not mentioned 
in itinerary or in the notes. 

Chairman : There is nothing else, gentlemen. We assemble here at 
2-30 P.M.. for an inspection of roads. There is one point which I might 
suggest to klir. Dean, and that is, in going round, he might indicate 
how the different work is financed. My reason for suggesting that is 
that part of the work which is carried out is, ns Mr, Mitchell has explained, 
for experiment. Some of the roads ni'e roads belonging really to tlie 
Municipal Committee. We act ns agents in maintaining tliem. Some 
roads are in the Chief Commissioner’s cliarge. T think it would be useful 
if Mr. Dean could indicate which is which, so that people may understand 
why it is that in different places are trying the same thing. 

The Congress then adjourned for lunch. 
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The Congress reassembled at the Now Delhi Town Hall after lunch and 
proceeded on an inspection of roads according to the following itinerary: — 


Route. 


Nature of aurface on road 
to bo inspected. 

Ref. to 
Paper 
No. lA. 

Leave New Delhi Town Hall 

vid 

21-' Shelcrete 


24 

SVelseley Road to Muttra Road, 

Milo 

1' Carpet with Ormul Emulsion 

• 

34 

7# 


Stonotrend Treatment . • 

• 

47 

Keturn vid Delhi Gate# Elgin Road 

Shelcrete > On Jumna . 


24 

Jumna Bridge to Meerut R oad. 

Tar Carpet f Bridge. • 


20 

Mile 4. 







Concrete Road 


37 



2i' Hot Socony PrCmix 


40 



2' Grouting with Hot Asphalts 


22 



2i' Shelcrete . . . 


24 



2*' Trinimnc . . . 


47 

Return New Delhi . 


.... 


• • 

Leave New Delhi Town Hall 


1' Carpet Shclshcct 


20 

Parliament Street . . 


1' ,, Hot Socony . 


33 



1' „ Tar No. 2 


20 

Great Place .... 


1' „ Tor No. 3 


27 

Raisina Road .... 


1' „ Tar No. 2 . . 


20 

Queensway .... 


1' „ Colfbc 


33 

Qutab Rood .... 


2}' Shelcrete 


24 

Karnal Road .... 


li' Armour coat with Tar/ Bitumen 

30 



Do. Colas 


30 

/ 


Do. BitumulB 

■ 

38 



Traffic census operations. 



Badli Road .... 

• 

Creteways .... 


48 

Return viii Lawrence Rond 

and 

Painting with Tnr on Lawrence 


Rohtak Rond to NnjafgarhRoad, 

Road. 



Mile 12. 







Surface painting with Thr/Bitumcn 

30 



on painted Road Mile 0. 





Surface painting with Tnr/Bicumen 

30 



on » fttei'boiind road Milo 11, 





Surfoce painting with Bitumuls in 1 

34 



furlong of Milo 12. 


. 
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f^Eoute. 


SRotum t>!<J Pnlam Bond, ITow Cnntt. 
Rond Upper Ridge Bond and vid 
Tibbyn College to Old Bohtnk 
Road Miles 1 and 2. 


Return to I^o^r Delhi- 


R'aturo of surface on road 
to be inspected- 

Kef. to 
Paper 
XO; lA. 

Surface pnintinp.'with TnrNo. 2 and 
Chandigarh ballast. 

2i' Tar Carpet \rith seal coat ap- 
plied after 2 montlis. 

2a 

2J* Sholcrcto - - - - 

24 

Mix -in-pinco treatment . 

35 

AVnter Bound Tar Macadam - 

45 

Cement Concrete 

37 

S ft- Cement Concrete and 10 ft. 
wide 2J' Tar Carpet and Si' 
Shelcroto. 

44 

21-' Tar Carpet with seal cent ap- 
plied at once. 

25 
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' Second day: Tuesday, December 11th, 1934. 

The Confess ro-assembled at 10 a.m. on the llth De^onibor at the 
IsTew Dcllii Town Hall and proceeded on an inspection of roads according to 
the following itinerary : — 


Poatc. 

Nature of ‘surface on road 
to he iiis-pocled. 

Ref. to 
Fanor 
.No, lA. 

Leave 2Cew Delhi Town Hnll vid 

1' Carpel .Shel'hect 

2(; 

Parliament Street. 

1' ,. Hot Socoiiv 

33 


1' .. Tar No. 2 . . . 

20 

Great Place ..... 

1' ,. Tar No. 3 

27 

Raiiina Rond .... 

1' „ Tnr No. 2 . . .. 

20 

Quconswn.v ..... 

1' ,. Colfi.x .... 

33 

Qutab Road ..... 

2J' ShekTefe . . 

2-1 

Karnnl Road ..... 

1 Armour coat with Tnr/ Bitiiinon. 

30 


Do. Coln.s . . . 

.'to 


Do. Rttuinuls 

TrafjPe census operatwm. 

28 

Badli Rond 

Creteu ay’s ..... 

•IS 

Return ridLan-renco Rond and Rohtnk 

Surface puinting with Tar on Lau • 


Rood to Najnfgarh Rond, mile 1:!. 

rcncc Bond. 



Surface painting with Tar/Biiuroen 
on painted Bund, mile 0. 

30 


Surface painting with Tar/Bitmncn 
on IVntcr Bound Rond, mile 11. 

30 


Surface painting with Bitiimiils in 1 
furlong of mile 12. 

34 

Return vid Pnlom Road, New Canton. 

Surface painting with Tnr No. 2 


mcnt Bond, Upper Ridgo Road and 
Tibbya College to Old Rohtak 
Road, miles 1 ond 2. 

with Clinndigarli ballast. 



2^' Tar Carpet with seal coat appli- 
ed after 2 montlin. 

26- 


2j'Shelcrrte .... 

2.1 


Mix-in-placo treatment . 

35 


Water Bound Tnr Macadam. 

45 

' 

Cement Concrete 

•) i 


8 ft. Cement concrete and 10ft. wide 
2J'Tnr CaiTJOt and 21' Sliolcreto. 

44 


2}' Tar Carpet with sen! coat appli- 
ed at once. 

• 25 






Boute> 


Nature of surface on road 
to bo inspected. 


Eof. 10 
Paper 
No. lA. 





to'Neu" IDcllji Pomi Hail * 

— 


Leave Neu' Delhi Totvn Fall t'lrf 
E'olselcy Bond to Muttra Bond, 

2i" Sholcretc .... 

24 

mile 7- 

1' Carpet -with Ormul Emul‘'ion 

34 


Sfnnotrend treatment 

47 

Return vid Delhi Gate, DIgin Road. 

Tor Carpet | on Jumna Bridge. 

2C 

Jumna Bridge to .Meerut Road, 

Shelcrefe t 

24 

" mile 4. 

Concrete Rond . 

ST 


2|' Hot Socony Premix 

46 


2' Grouting with hot Asphalts 

22 


2J' Shelcrete .... 

24 

Return No«- Delhi. 

2J' Trinimno . . . . j 

47 
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Second day, Tuesday, December 11th 1934 (contd.). 

The Congress re-nssembled at 2-30 p.m. with Mr. A. Brebner, G.I.E.. 
“in the Chair. 


DISCUSSION OF PAPEE No. lA. 


Chairman: Gentlemen, we propose to discuss to-day the papers which 
■we have from Mr. Dean, Mr. Breadon, and Lt.-Col. Wahely. As I 
explained yesterday, we propose to take them as read and to devote the 
tune to the discussion. We will first discuss Paper No. lA and I vill 
■now ask Mr. Dean to say whether he has anything to add to what he has 
already told us. 


Mr. A. TP. H. Dean (the Author): No, Sir, nothing at all till after 
the discussion. 


Chairman: I must say I have not much to say or add to what hir. 
Dean has shown. I explained yesterday that the work we do here is 
partly for the Municipal Committee, partly for the i-oads whicii .ire under 
the Chief Commissioner and partly — and perhaps what is most interesting 
—work which 'we have done with money ■which we have got from Mr. 
Mitchell. I mention that because somebody said that we have not spent 
-as ■wisely as we might have. I do not think any one can complain of 
•what we have shown, at least in one respect. We seem to have seen 
•different lands of work. It was in fact, one might almost say, embarrass- 
ing. It is difficult to remember what we have seen and what we have 
mot seen. In one respect I would criticise what hlr. Dean has shown us. 
I think there was a tendency to show us too much new work. What 
rniost people, I tliink, would like to have seen was old work and then 
would have decided whether it was likely to stand up to traffic or not. 
-A gi-eat deal of what we saw was work which had been put up in the last 
month Or two and naturally looked very nice indeed. 


Mr. G. Held Shaw : First of all, I should like to congratulate Mr. Dean 
-.On his very excellent paper and the great care he has taken in preparing 
It and also for his personally conducted tour. Having said that 1 hope 
he ^wll pardon me if I make a few criticisms, not only of his p.aper but 
,of the majonty of the papers that have been submitted to this Congress. 
In the first place, I think not enough attention has been paid to the 
•difference in climate m the various parts of India. The pahers on the 
Delhi and the North-West Frontier Province roads convey very little 
idea as to the olmiatic conditions and, in road surfacing work, thedin'ate 
has a peat effect on the various materials used md in the methodcT of 

sire us the maximum and minimum 
temperatures and the rainfall, it would be a great help to us and would 
render the papers less parochial. d «aiu >youiu 


_ For comparing tip pnees of the work in different provinces, the 

as mef.al. chippings and .sand and the laboui 
•costs ought to be given separately so that we can compare and estimafe 
the cost of such work in different provinces. 


I think also that not sufficient attention has been paid to failures. 
Most of us learn more from failures than fi-om successes. I Imow we 
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have had o^e or two comparative failures in Assam. We will be only- 
too glad to tell you about them at some other time. Unless we Icnow- 
whab have been definite failures in one province or another, it is not 
much use only talldng about successes. 

• Another point is that we lack the considered opinion of the Engineers. 
Avho have laid these roads or wlio are responsible for them, as to which 
of the materials give the best results. It is rather difficult to form an 
opinion in a few hours’ time. When Ihese experiments haA'e been 
. carried on for a short or preferably a long lime, it is essential to give 
the cost of maintenance in relation to the traffic intensities. 

ilr. N. V. Modak: 1 must also join the previous speaker in congratulax- 
iu<r jMr. Dean for his very interesting and instructive paper. 01 course 
the things about which 1 am going to speak and the methods obtammg 
in the city of Eombay are quite different. The conditions obtaining in 
the city loads are different and the same conditions are not apiihcable 
to the country roads at all. In the city we have to deal with traffic 
which if measured would be 2,00U or 3,0UU tons per jard width per day. 
I am now going to speak only about cUy roads. I have very little 
experience of district roads, but from what 1 can judge fiom the niethods 
obtaining oil the roads which we were *hown to-day, 1 think 1 can say 
that we in ]3ombay are practically following the same methods in improving 
the city roads. It was in 1913 when the conditions of the rouds m Uombaj' 
giew from bad to woi'se that several experiments were tried, first oiling 
the roads, tlien tarring with lar mixtures, but ultimately we found that 
they failed and that they did not give the required result. From lObS — 20. 
we used sonietliing like 12,000 tons of lar on our rr> id.-!. 01 <’.)urs<“ the 

tar was o.blaiued from the local gas works and it vas too iluid for the 
work. Tlion we tried to mix tar with pilch and there also we failed and 
ultimnteiv about 1920-21, -wo found that the results that we obtained wen- 
not at all satisfactory and that our cost of maintenance was coing u]i. 
So we thought of using asphalt because noidinlt was chenjjor ilaui t.ar. 
We' also tided to use asphalt on the surfaop and still that method is 
in use. Out of 220 miles of roads in (ho City. 120 miles were troatcrl 

with surf.ace di'C.ssing with aisphalt in the shape of 2 coat work. Tlie 

first coat took 3 gallons per 100 square feet and four tn five cubic feet 
of metal of 5/8 inch to 3 <'8 inch blue ba'^alt chins. The second coat 
consisted of 2 gallons per 100 squnro feet covered on witli 3 cubic feel 
cS 1/8 inch grit mi.xed with 40 per cent, of dust. It was found that 
if pneumatic ixTCS were used in fast moving traffic. t)ie road would last 
two to throe years, Thai is our experience. If the foundntionp are bad, 

, we must replace tliem with good ones. In the case of district roads, tliey 
hai'c got the advantage that they are in existence for a number of rears 
and with the periodic addition of •nictnl in renewed coats, they get on 

to what you call solid foundations. The averngo comparative cost is 

Us. 4 per 100 square feet for one coni worlc and the averacre cost for 
two coat work is 31s, 5-4-0 per 100 square feet. The nalural surface 

dressing does not pi'^’o additional strengfh to the ro.ad, hut it is only 

intended to be a sort of road surface nnff when heavy traffic started 

eoing on the roads, we had tn so in for what wp call groutinc penetration 
method and here we want to incorporate a Bort of plastic binder material’ 
in the. road itself. Before we decide on gi’outing, ivo try with one coat 
of painting suitable for roads from which steel tyred traffic is excluded. 
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I am referring to tlie Queen's Eoad in Bombay which is standing up 
very well with one coat of asphalt every year. It carries about 15,000 
vehicles a day in 24 hours oud at the time of peak loads, the traffic 
amounts to something like 1,200 vehicles por hour. "When we started 
grouting; we only went in for grouting over such roads as had good 
iound.ations. Otherwise wg provide concrete foundations. The penetra- 
tion work was done in two coats and the total asphalt used varied from 
If to 2 gallons per square yard, the first coat taking 14 to l^t gallons 
and the second cost f to J gallons. Several roads have been laid by 
this method. 

Mr. P. L. Bowers : May I know, Sir, if this is all a criticism of 
Mr. Dean’s pajjer or if *be speaker gives a description of Bombay roads? 

Cliainnan : I hope IMr. Modak will realise that we might allow a 
certain amount of latitude if we had unlimited time at our disposal. 
Our time is short and 've ai-e supposed to be discussing Mr. Dean’s 
paper and not the conditions in Bombaj'. 

ilr Modak explained that he had made certain notes of experience 
in Bombay that he thought would be of interest to the Congi-ess, but that 
if it was felt that they were too long to be read in the time available he 
would agi'ee to their being incorporated iu the proceedings as communicated. 
His communicated remarks follow: 

il/r. Modak : To cut down the cost of this method where the traffic was not intense 
semi-grouting has been introduced. 

The total asphalt used in this method varies from 1 to li gallon per square yard 
and the work is done in two coats. 

There are about 16 miles of load laid by the two methods'. These methods give 
thicker carpets and consequently fewer renewals. Asphalt with high penetration docs 
not appear to be suitable; 40 to 60 penetration asphalt gives better results. 

i’ho next step was Hot mi.v plant work. In this method grading of the aggregate 
was possible and just sufficient asphalt could be used for uniformly coating the 
aggregate Avithout any c.^ccess which is unavoidable in hand pouring work done in semi 
•or full grouting. Foi* very heavy traffic sheet asphalt has been used. 

There are about 37 miles of sheet asphalt pavement which is laid in two layers, each 
li-inch in thickness. Municipality purchased a special plant to carry out this work. 
It is capable of laying 500 sq, yards of 3-fnch ivork and 800 sq. yards of 2-incli Avork 
ill Avorking day of 10 hours. The hot mixture is taken to the site of work in lorries. 
The First sheet asphalt pavement on concrete foundations Avas laid in 1921-22. The 
cost at that tunc including foundations was about Rs. 17-5-0 per square jnrd. To- 
day it is about Rs. 7-8-0 per square yard. 

It, is estimated that this carpet Avill giA'o an average life of about 15 years. The 
jiA'erage cost of maintenance is found to bo about Iavo annas per square * yard per 
.annum. Where the traffic is not heaA-y, hot plant mixed macadam has been used. 
About 10 miles of roads haA*e been laid by this method. It is similar to sheet asphalt 
as regards the binder course hut the AA-earing course is only ^ inch instead of li inches. 
The present cost of this Avork is shout Rs. 2-12-0 per square yard. This pnA’ement has 
given good results. No repairs had to be done to the roads treated by this method 
for the first fiA'e years. 

‘Cold Mix’ Avork has also been done. It is laid in three different ways — 

(1) Single course work 3 inches thick. 

(2) TAA'o-course work using chips for the top course. 

(3) Two-course Avork using half chips and half sand for the top course. 

Cold emulsions are only used ,for monsoon repairs. They are nob found suitable for 
•surface dressing. 
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On pago ^ papei' Jlr, Dean states that tho pueposo o£ the expcvimental stretchcB 
•of roads is w select nuitcriuls iiuci incUiods best suited to the needs of tho traffic aud to 
.the financial icfources available for the upkeep of Urn toads. Our aim j.s to establish an 
cquilibrittm between tho needs of tho traffic and our rcsouices. Tho Bombay Corpora- 
tion was in iho satno difficult position almut 20 years ago. There was intolerable 
nuisance Xi'om dust. J.he motor traffic had considciably increased and the cost ol main* 
'.taining the roads was annually incrca-sing. Tho milage of city roads iu 19H was 161i 
covering on area of 4'4 million square yards. The cost of maintaining tlicso roads in 
that year was about Ks. 6 lakhs. In 1018, the milage increased to 172 covering an 
.area of 4-0 million square yards. The cost of maintaining tho roads in that year was 
more than doubled. Sovcrnl expedients were tried to keep down tho cost of mamtcnonce 
bill they were found to bo unsuccessful. ^ Tho cost of mnintcnaiico continued to increase. 
In ilie your 1922-23, it was as high a.s 33-46 lakhs. It would have gone up still higher. 
Tile obvious remedy to keep down thu cost was to build up substantial roads from 
borrowings, if it was cconomic.al in tin. long run to do so. Borrowing helps to distri- 
bute the initial cost equitably over the prusciil as well as tho future viite jrayer. Tiio 
principle of borrowing is that, if a particular form ot construction required an outlay 
which could not be met out of revenue owing to Us heavy initial co.sl, borrowing 
would he justified provided there was fiufficient margin on Llm cuiront cviiendituve to 
meet not only the interest and sinking fund contrilmlioii on the debt but also upkeep 
and Tencwal of tho road during the currency of the loan if such renewal was ncccf.sai-y. 
'Thus, if the water bound macadam costs tay one rupee per square yard to maintain 
aniiii.ally then its repl.accnient by a more expensive metliod w.-i.s jii.stified if the interest 
on its initial expciidiluve at 6 pci cent siiikina fund at 4 pel coritj the t-vpciise of 
annual upkeep and the proporlionato co.st of renewal, if ■lurli a renewal was found 
neces-'ary during tho currency of Die loan, did not. c.vccrd that rate of expenditure 
annuall.v. /tftcr going into this question it was icnnd rcnnoinicnl to resori to prrnianent 
md construction by bon-awing. The loan period wii.s fixed at 50 ye.ors, the late of 
interest was 6 per cent, -and thV- sinking fund coiitribotion was (iwd at 4 per cent, com- 
pound inlcr<‘.st. In working out the fm.anri.al foiecast of eiery road tre.-ited under the 
capital road programme the following important points were triien special attention. 

(1) The form of construction to be adopted. (2| Its initial cost (S' its probable 
life. (4) Average mainlenanec cost per annum 

By adopting the priiioiple of borrowiiig, it Iwk Imn po<-.iljlc to ^llvo cmisidi lably on 
tho rnainteiiancc co.-.t of tho roads in tho city. The milage tod.iy siaruls at about 222. 
•The important arteries of the city and piinoip.il ii>.id,- lending to bu-nicss centius li.ivc 
been treated with pcntiaiienl. mode of ooiut-uciion at a cost of .iboiit oiu- tcoic of 
rupees. In 1022-25, i.r.., before tlio iiilrodiiclinn of the i-ipital load piogrmnnic, the 
-cost of mainlciianco amounted to 54'85 latth.s inrliidiiig Rs t-77 f>ir_stiei>l watering 
and 1.30 for removing the mud from tlio roads iii tin* num'-oon In 19^1 -3'J ili'* fo-t of 
inaintenanee ainoiintcd to about Rs. ]2*16 liiklu and .-ibniil 10 5 lahlis for clrbi .barges 
giving a total of about Rs. 22'65 'again^t Dk figiiii* ol R-. 55.46 lalili' Itmlgitiul for in 
:tlie v'car 1922-23. 


Mf. 0- H. Tculon : T pJiouUl Hko fu as^ociali? niyscdf with the. pivvious 
speakers} in Ihnnkinpr ^Jr. ])f*an for Jiis vnliialilf* juipov, 'ITur,* is u .dly 
only one remark tvhich J liuvc to nmko. Jlr. Dl'iiii refers in iii-,^ pajicr 
'(page 22) to grouting witli hot. nsphnlls and on puKos ‘iri and -10 to ‘‘walor 
bound tnr macadam’'. It iseems to me that botli tbese iin'lhods arc 
veiT un.'iciontific motliods o£ road con.d ruction and that if Ihi*! rongress 
condemns these methods, we will nl lonst achieve something. Both these 
methods ropresenti a sorti of happy-go-lucky style of engineering and when 
you Im'c the "opporiunit.y of mixing your niatoriftls loge.lhcr in .a scientific 
tnannei’ in a Millars’ mixing mnchinc or any other mixing machine, 
it seems a pitv to do an.v more grouting or walor-honnd tar macadam 
coafc work (Applause). 

Dtwan BahadvrN. N. Ayyan/inr : We stnv a large nnmber of different 
'kinds of roads this jporning and rrod. of them seem to he xcr.v suitable 
■U’ithin municipal limits. Jlost of us Engineers here are connected xvith 
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problems of rural roads in the districts outside munici])nl areas wherein! 
we have got both bullock eai'ts traffic ns well as motor bus traffic,. 
So really our problem is to find u road which serves the dual pur 2 JOse 
both for bullock carts as well ns for the motor bus or lorry service. I'rom 
what we saw to-day and yesterday, J do not think we are in a jiosition 
definitely to say which of the roads would serve this dual puri>ose and. 
from the experience that we have of the district I’oads where both kinds 
of traffic exist, it seems to me that surface painting would not serve 
that purpose at all. From my experience in Mysore and also Bombay, 

I can say that tliat kind of work would not stand the bullock cart traffic 
where the rims am narrow and iron shod. Tlie onl.v thing that would 
stand that Idnd of traffic would be the pre-mix type or gi-outiug and 
semi-gi’outing. Even they sometimes do not stand the cutting action of 
bullock carts. From our experience of the Bombay-Bandi'a road whers' 
both kinds of traffic exist, and the work is of purely grouted type the 
life of the roads has been about 5 or 6 years. When the side portions 
used by bullock carts got damaged these portions have been repaired by 
new patch work .and the road is likely to stand for .‘Jonie yenr.e more. 
One thing, in the maintenance of these asphalt roads, seems to me to be 
that after we make these roads, we leave them unattended until tlie.v 
ai’e damaged bj’’ wear. I think this is a mistake. They oiiglit to be 
renovated periodically and after sa 3 ', two or three years. IMaintennnce 
and repairs should be done continuously. If that is done, the surface 
keeps up just the right kind of quality of bitumen and the life of the 
road would be prolonged immensely. The cost of maintenance would 
be 2 to 2i annas per square yard. That has been the experience on the 
Bombay-Bandra road. While talking of the dual purpose road, I think 
our ordinaiy macadam has been able to stand the ordinniy bullock cart 
traffic but not these asphalt sui'faces. The cement concrete seems to 
stand that purpose better. On page 49 of Mr. Dean’s paper, it is said: — 

“Types of construction — Bhnrat]>ur stone slabs; These slabs are 
4 inches thick and 8 to 10 feet long and have been laid on 
the ordinary* soil. The clear space between them was 3 feel.” 

I wish to know what the kind of stone used there is, whether if is soft 
sand stone, or gneiss. If we know the land of stone used, that would' 
solve the problem to a very great, extent indeed. If the stone is hard and 
is of good wearing quality, then all the buses and motors can go in the 
centre. 


(The speaker explained his point to the Congress by means of a 
diagram on the black board.) 

In Bangalore we have not gneiss and gi-nnite and we get splendid 
slabs 8 to 10 feet long, 2 feet wide and 3 to 4 inches in thickness. That 
kind of work has been laid near Bangalore and I find that j-ou can 
travel at 40 miles on that road. I think that kind of surface i« far 
siiperior to the concrete for various reasons. For bullock carts the stone- 
is too hard and as soon as bullock carts go on to that surface, they 
swerve to the sides and use the portions of the macadam surface. The 
motors can use the centre of the road with slab ways. The damage to- 
the remaining portion of the road surface is thus ob-riated. 
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About t«r I can tell you that- I -was very shy about it because the 
Bandra-Gho’dbnnder road was the first thing that was done in the Bombay 
Presidency with a tar oarpet. It was done in two coats. After thi)ee or 
four years I 'went there again and 1 was shocked to find that we could 
not drive over the road at nil with any speed. The result was that the 
whole tar carpet had to b© ripped open ; and that is w'hy 1 tell you I was 
shy about tar. But I have now seen so much of tlio work in tar done 
in the Punjab and tlie Nortli-West Frontier Province. I do not however 
know whether it would stand bullock carts. It is n great problem and 
that is the reason wJiy wq want a dual purpose surface. 


' I wish to say this much about tJicsc trnckwaya. T also wish to know 
^niinfc kind of stone is being used in Bhnrntpur and what the experienne 
Ims been. 


ilfr. K. G. MUehcU : I think one of tlio things which thig Confess 
may bring about is the stnndardisaiiou of certain specifications, and con- 
centration on certain definite things which have proved to be good to the 
exclusion of those wiiich have proved to he bad- I was personally respon- 
sible for some of the number of things which you have seen. There are 
certain specifications wiiich Itavc been introduced recently and in future 
years when we give you a report, about these various things it will perhaps 
Jielp (lint you have seen (hem and know a little more about them than 
if yon had not. 


As regards wiiat Diwon Bnlindnr Ayvnngar said about trackways, 
certain of those had beoii laid in Bliaratpiir State in stone slabs of the 
ordinary hard Agra sandstone. ' 

Ditcan Bahadur Ayyaufiar: It is too soft, 

-Vr. K. G. Miichcll-. The tracks have been tlvjrp for three or four years 
and I do not think any of (ho slab.s have either cracked or worn out badly. 

Diwait Bahadur Ayyangar: How arc tliey laid? 

Mr. K. G. MHchrll: Tliey have been laid on a bad kutcha road. 
They were used in the first instance for crossing tlic Bangunga river. 
They were laid on the sandy bed of the river and tliey were taken out 
during the monsoon wiien they would have been lost and anyway tlic 
sand is moist and bad. Subp(’qucntl.y tliey were laid in continuation on 
a bad earth rood with pxtremclj' sandy soil and the traflic such ns it has 
is entirely concentrated on the tracks which have been of groat v.alue. 

Mr. S. 8. Bhagai ; J must congratulate Mr. Dean on the groat pains 
he has taken in preparing this paper. But I must say that the paper 
as it is WTztlen is not very helpful to tlioso wlio have to consti-ucl the 
roads as we are not told why the difTeront specifications which wo saw* 
this morning were tried, — ^whether they were jnit dowm with reference to 
the traffic w’ith which they liave to cope or whether they were put. dowm 
haphazardly as funds pennitted. It w’ould .also have been very helpful 
if dates had been given when the different specifications w’cre put down 
on the roads so that we could see how long they have been under actual 
W'orking conditions, because to compare the different surfaces it is always 
essential to know' how much traffic there is and how long the different 
specifications wall stand up to that traffic. Without these data a com- 
parison cannot bo made very easily. 

s 
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• Mr. D. Macfarlane: I want to make a remark about one subject to 
which reference has just been made, that is to say, the trackways. We 
were told about the stone setts that were laid on a kutcha iroad. 0,£ 
course they have a very great use in solving the problem of cheap con- 
struction of roads, but I should like to quote my own experience of a 
certain canal bank. in the Punjab. The canal banks, as you rnay know, 
are most excellently maintained and j'Ou can travel at a very high speed. 
But on the Lower Bari Doab canal between Balloki and Eenala, the canal 
bank is full of saltpetre and with a view to enabling people to get along 
them thej' had trackways of brick, each abo;Ut 1^- feet wide. The first 
thing that I noticed about these trackways was a big notice saying, 
“Speed limited to 15 miles an hour.” This rather surprised me but 
I found out the reason in a very short time. I was doing about 25 miles 
an hour and it was excellent going but very shortly afterwards I found 
that I was swaying off the track and my back wheels got into the soft 
dirt on the side of the road and I skidded badly and very nearly landed 
into the canal. That, I could see, was the real reason why we were 
warned not to go beyond 15 miles an hour. A few days before the Boads 
Congress I saw the trackways at Jharanw'ala. I tried the same thing 
there with the same result. I think most motorists will find that it is a 
real strain after a short time to keep the wheels of the car on the trackway 
and not to sway. This is not a criticism that I make with a view to 
shewing that trackways should nofc be built, but to show that they 
introduce an element of danger to high speed motor traffic. 

Colonel O. E. Sopioitli: There was a remark in Mr. Bean's paper 
this morning which 1 noticed rather prominently and which Biwan 
Bahadur Ayyangar has dotted the i’s of and also Mr. Modak, 
to the effect that tar painting will not carry heavy traffic and 
specially bullock cart traffic, hhost of the delegates have seen 
a considerable proportion of the roads in the Punjab and also in 
the Peshawar district. They would recollect that the traffic between 
Nowshera and Peshawar is 350 tons per yard wddth a day upwards, and 
remember that the whole of that with the exception of about 5 miles 
is only tar painting; and I think the condition of the road speaks for 
itself and I am glad to hear that Biwan Bahadur Ayyangar is going to 
tr.v it again. I do not know what tar Biwan Bahadur Ayyangar was 
referring to because all experience goes to prove that it is very*difficult 
to produce road tar from gas worlts crude tar. 

The only other point that I should like to emphasise is about the tar 
bitumen mixture experiments. The experiments which you saw this 
morning and which have only just been laid down have been done to the 
specification and laid under the supervision of the technical staff of 
Messrs. Burmah Shell and Messrs. Shalimar Tar Products jointly. As 
they are both as ignorant as an,y one else of what the result is going 
to be and whether the mixture is going to prove an advantage over the 
straight product it will probably take a very considerable time before 
they will be able to pass any judgment on it. As regards the tar-bitumuls 
mixture experiments, prior knowledse of this was not possessed by the 
company which I represent and we did not therefore advise on that. " This 
is in no way a criticism of the specification or the method by which it 
■was laid. 

Chairman ; I will now call upon Mr. Bean to reply to the points raised. 
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Mr. A. W. H. Dean (ihc Avihor): Mr. Cliairman and gentlemen, before 
dealing ■mth the points that have been raised just now I liave a note 
which was sent in hy Mr. Hunter (U. P.) with regard to some of the 
points which have been raised in the note and in the verbal introduction, 
which I will read out first. He says: — 

“The author stales that on the length of road h’om Lothian Bridge 
to Delhi Gate, T. E, A. paint lasted lor five years, and, 
a little later on, states that bullock cart traffic was too much 
for some of the si-v lakhs of square feet of such a surface 
that now exists, Am I to understand that the road first 
referred to, as lasting five 3’eors, is not subject to this kind 
of traffic?” 

Actually that is the case. There is a side road for most of the length 
•of that road to which bullock carts arc confined, and for the remainder, 
•bullock cart traffic is very Ught. 


I am asked further: — 

Is kir. Doan in a position to give a figure indicating the weight 
of bullock cart traffic, per foot width ,of rood, that ho considers 
a bitumen treated surface should be able to stand up to 
'' satisfactorily? In answering this question I would like him 

to allow for the fact that, on some wide roads, the mean 
intensity docs not represent tliot on tho actual portion 
used by the bullock carts.” 

I have not any very definite figures to gl'’®. In any case the figures 
rthat we are working out, as is I believe the usual practice, are based 
•on the per yard width of tho road aud to take iulo consideration the 
-whole width of the road available. It is, I think, obvious that if you 
st-art to take only the track on which j^ou say bullock carts travel, you 
• can take any figure to represent almost any traffic load you like. I can 
-quite imagine people reducing it to the width of tho tread for instance. 
We must take the full width of tlie road available, and my experience 
'is that unless ViO have some definite hold on the IralTiCt ^“^7 
wander extensively over tho whole of the road that is available for them. 
The figures as to traffic census which is in progress will be avai able, 
I hope, in about six months’ time in the form of a paper probably 
.published in “Indian Bonds”. ■ 

•Then the point that has been raised by, not one, but by three or 
■four, is this : — 




It is 


stated that surface painting with tar hag been found suitable 
for Ught traffio only. Was the tar allowed^ to become brittle 
,or was it kept alive by repeated applications?” 


•My point was not essentially that it was surlace painting mth 
•tar only that was found suitable for light traffio, but that any surface 

E 2 



64 


painting was suitable for comparatively light traffic only. The point is^ 
this: you have to consider the economic rate oi renewal. In the Punjab* 
we have seen roads carrying fairly heavy traffic — although lighter than 
that on many Delhi roads which we have actually censussed — and tbe 
renewal period is every year or eighteen months. What we are looldng 
for, for that type of traffic, is something that w'Ould last for something 
like three or four years at an increasing cost that is not going to exceed 
the cost of more frequent renewals with a cheaper material wdth the 
advantage of not having to interrupt traffic so frequently every year- 
for renewals. 

The last point that hn^ been raised is this : 

"Can the author give us any idea of the relative satisfaction obtained' 
from the various surfaces he has described?" 

The point made by Mr. Brebner in introducing the paj)er, that, 
most of the surfaces described are ne-w surfaces explains wliy \ve cannot 
give you anj' figures of their economic life that are of any use at all. 
Mr. K. G. Mitchell has really replied to Mr. Brebner’s criticism of the- 
description and exhibition of new classes of surfaces. The point is that, 
we wanted to show the latest and most up-to-date specifications; and 
actually those have only just been brought out and put into practice. 
It is the intention to get out a repoi-t on these and it is intended to give- 
with that report details of traffic and maintenance that they had required. 
It was not intended to run them to destruction but to keep them up, 
judging by tlie expenditure necessary on maintenance the relative amount 
of -wear that they have suffered. 

With that, I think it would be very suitable to include some notes 
on the local climate. That is a factor that has been completely omitted ; 
although one realises that climate does come into the picture and the 
difficulties experienced in practice in some seasons of the year and tho- 
ehanges which one has to make when one is doing work in certain seasons 
as against other seasons. A comparison of climates over various provinces 
of India had not entered my mind when I was -wTiting the paper. 

Then, the question of mentioning failures -was also brought up. We 
have mentioned failures to some extent; but there is a vei'y serious diffi- 
culty in mentioning failures- and that is that the re.-ison for the failure 
is not always very clear, and w-ben it is clear sometimes, it is possible 
the reason is local or climatic or something of that sort. A length of 
road may be laid after heavy rain and give rather different results or 
in the very hottest weather in May; or there may be a slight discrepancy 
m foUo-wmg the specification laid down, particularly when supen-ision is 
not so easy; and tilings of that sort give rise to w-hat appear to be com- 
parative failures, and it is not always possible to determine that I think 
merely to mention that a certain material was used or that a certain 
specification was followed lud not found sntisfactorv without attempting' 
to analyse the reasons for it would not be fair or reasonable. " 

Wo have been asked by several people the amount of satisfaction- 
we have o.btained from various surfaces. It seems to me that life in 
relation to cost is the criterion of usefulness. I am not going to lav- 
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down anything that is to be taken as a considered opinion of the Centrai 
Public Works Pepartmenb. But I think you can classify our surfaces 
into three grades as being useful for light, medium heavy and very heavy 
traffic. For the first I think painting — according to a specification which 
we have put down but have not yet a final report on — ^with a high 
penetration tar followed by bitumen afte.r two months, is satisfactory 
with traffic running up to perhaps 200 tons per yard per 24 hours. When 
I say that I do not mean it to be understood as bullock cart traffic, but 
general traffic: if it was bullock cart traffic alone, it would have to be 
•divided roughtly by three or four to get the equivalent rate. Then we 
■come to the pre-mixed carpet. Hero I may say that I agree definitely 
that the grouting and water bound mixing are not so scientific and lii’ 
•effect not so satisfactory as a pre-mixed carpet. You cannot control the 
proportions nearly as well and you get patchy appearances which nearly 
always mean patchy wear anfi an unsatisfactory road. It will probably 
•oaiTy up to about 800 -tons per yard if you have a satisfactory pre-mixed 
carpet of bituminous concrete and in that I think a very definite grading 
of your aggregate, the maximum* size of which should be less than the 
thickness of the carpet, gradefl down to sand, is a better bituminous 
■carpet than one using approximately one size of aggregate and not so 
completely graded. For still greater intensities of traffic a 7>5-7 cement 
concrete road will can-y, as far as we can see, the heaviest traffic both 
ibullock cart and motor. 

Hiwan Bahadur Ayyangar has made a point about dual purpose roads, 
All our roads are* likely to be so except a certain number in cantonments 
-and "civil stations where we can keep the bullock cart off; and there the 
painted surface seems to be giving entire satisfaction. He also mentioned 
Y to 10 years life and was rather critical of materials which had failed’ 
to stand up to that . . . 

Diwan Bahadur N, N. Ayyangar: It will be more than ten years. 
'Ten years is the experience; 1 think it will Be more, certainly. 

Mr. A. W. H. Dean (the Author): We hare not yet found anything 
that would give the roads in Delhi a life of ten years, unattended. As 
regards the Bharatpur stone and the question of trackways, speaking 
subject to correction, I think the theory was that bullock cart traffic 
would use the trackways and motor cars would use the earth road .... 

Diwan Bahadur N. N, Ayyangar: Our conditions are opposite. 

Mr. A. W. H. Dean {the Author): Mr. Bhagat wanted to know the 
reasons for deciding in favour of the various surfaces we put domi. They 
were selected according to our judgment of the necessities of traffic and 
as funds permitted and that I think is all we can say : we have not yet 
actually completed a census so we had very little to guide us in assessing 
the exact traffic load coming on to tlie roads; but it is in progress now and 
will help us materially. The paper has also been criticised for not having 
•given the dates the various types of surfaces were put down. As far as 
I remember the year and month of laying down the surfaces have been 
given. ; 
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Mr. Macfarlane’s remarks on speed on Irackways is covered ky my 
reply : our desire is to get bullock cart on the trackway and the motor cars 
on the earth road. 

I 

I have already covered Colonel Sopwilh’s observations in my remarks 
about tar painting. My personal experience is that no paint will carry 
heavy mixed ti'affic at an economic rate of renewal. I cannot really feel 
that painting every twelve months is really ns satisfactory ns pitting down 
a better class of surface which would give a longer life. I quite admit that 
we have not a great deal to go on now; but the mere interruption to traffic 
entailed by painting must be a source of inconvenience if it extends over 
several thousand miles of surfaced road in a province every year or 
eighteen months. 

Colonel G. E. SoptcHh : May I say that I have particularly mentioned 
the Peshawar district because there we paint every two or three years and' 
we hope yet to persuade the Punjab to adopt the same principle : I am sure 
then that their costs will go down. 

Mr. A. W. H. Dean (the Author): There is one other thing; it has been' 
pointed out that in the paper I gave, unuer the head of Trinimac (page 27) 
it is stated that five pounds of asphalt cement per cubic foot of stone 
aggregate was used for the first course and a similar quantity for the second 
course. Actually the rate was 4'8 pounds in the first course and 0‘8 pounds 
in the second — a rather material difference which I am afraid was not before 
me when the paper went to press. 

The Chaii-man then proposed a vote of thanks to Mr. Doan, which was 
carried with acclamation. 


The following information was supplied by Mr. A. W. H. Dean (the 
Author) and circulated to members of the Indian Poads Congress ; 

DELHI. 

Hatcii for Materials [per 100 c f. at (lump). 


IJ-inch Quartzite Heart metal 
IBadarpur sand 
j inch Quartzite Ballast . 

I inch stone grit , 


Up to i mile . 


Cost of Carti 


no [per 100 c, ft.). 


1 mile 

14 milo 

2 miles 

3 miles • • . . . 

Eor each additional milo add Re. 1 per 100 o.ft. 


Rs AS. T. 

COO 
8 8 0 
lo 0 0 
18 0 0’ 

2 8 0 - 

3 0 0 

3 8 O' 

4 8 0 

5 8 0> 
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Hates Sor oilier Materials [per tpn F.O.B. Delhii] 


Colado emulsiSod. bitumon 






Rs. 

150 

AS. 

0 

P- 

0 

Colfix .... 

a 





150 

0 

0 

Bitumuls HX, WX and FX 

• 




• 

150 

0 

0 

Bitumula HRM and XBM 

* 




• 

164 

0 

0 

Soosny Emulsion No. Q . 

* 





175 

0 

0 

9> t» 2^0, 3 a 





• 

150 

0 

0 

Colas .... 

• 


a 


• 

150 

0 

0 

Socony Asphalt grode 101 

• 




• 

133 

0 

0 

„ ,< „ lOG 

• 


a 


• 

133 

0 

0 

Spramex (80 — 100) 





• 

133 

0 

0 

lifcxphalto 





e 

133 

0 

0 

Shclmao . . . 





• 

133 

0 

0 

Road oil F. 70 . 

• 




• 

133 

0 

0 

Rood Tar No. 1 






120 

0 

0 

>1 ft 2TOa 2 a a 

• 





140 

0 

0 

Shnlimor Tar No. 2 . 



• 


• 

117 

0 

0 

Bengal Chemical Tor No. 2 

♦ 


a 



116 

8 

0 

Road Tar No. 3 Shalimar 

« 


• 



117 

0 

0 

Bengal Chdmionl Tor No. 3 

• 


• 


• 

no 

8 

0 

Cement .... 

• 


• 



40 

8 

0 


Chairman: I wi]! now ask Colonel Wakely to introduce his Paper. I 
am not aware whether he wishes to make additional I'emarks, but if he 
wants to do so, he may do so now. 

T])e following paper was then submitted for discussion; — 
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("PajiCT No. 4.) 

Earth Road Dovolopmont and Stabilisation with Gravel * 

% 

lAcul, -Colonel /]. T’. T, TlaAx’fy, /).S,0., Jt.K. 

1, Earth lioa'l Dmhpmcnt Schmcs.~Aln\\y iind surface troatctl 

road is the ideal construction for all innin roads in Tndiin There are inanv 
reasons why it is not possiblo to constriict to this sjiccifieation or to any other 
high class Bpceification all roads tlint arc rotjuired by tl:c country generally. 
The chief reasons are financial, on account of the higli cajtital cost of construction 
and tho high ninintcnnnco charges for pnklca roads. 


2. Consequently by far the greatest inilongo in India of any t\ 7 >e of road 
is what is Imown ns an earth road. This trq o has several great advantages— 


(t) Low initittl cost. 

(ii) Low maintenance cost. 

(lit) They are good enough for ordinary country traftic. 

3. Earth roads ns constructed in most places in India have many serious 
disadvantages — 

(i) They receive little attention in tho matter of maintenanc e, and con- 
sequently are allowed to fall into disropnir. 

(«) They arc usually oxtromoly badly built in the first instance, and on 
tins account they arc particularly linbloto flood damage. 

{Hi) They arc usually insufficiently provided with culverts and bridges. 

(fv) They arc not always constructed on the alignment best suited to 
servo tho District through which they run. 

4. Any scheme for earth road development, if it is undoi+alccn at nil. 
should ho carefully designed so that the best use is nindoof tho advantages of 
earth roads, and so that tho disadvantages of them are reduced to the minimum 
or eliminated altogether. Earth roads arc not, and never will I'c, as good ns 
fully mctallod roads, but there are iinnlcnso possibilities in projicrly and enro- 
fully thought out schemes for their development. Tho main object of these 

• Colonel Wnkcl.v’p Paper originally confnined two part?; (a) on cartli road nnd 
(6) on Clio staliiiifntion of earth roads with giavol. Tho latter stibjcct i.s hovrovor fully 
dealt with in his larger paper, “Rond Construction nud^ Itlnhitenancc in India" (Engineer* 
in-Chief’s Technical Paper Xo. 10). Part (a) only of this paper is boing printed but sliould 
bo read with tho notes on tho other in tho Intgcr paper. Tlio section in the larger paper 
dealing with "Gravol Bonds" is rcproducoil at tho end of paper Xo, 4. Both parts will bo 
iatroduced by Colonel Woboly and bo open for discussion. 
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■joads is to act as leeders both to the railways and to the main roads. Their 
function is to carry agricultural produce to railheads and markets quicMy, 
•efficiently, and without imduc hardship to pack and draught animals, and with- 
out damage and delay to mechanical transport. 

B. The first thing to consider in maldng out any earth road development 
scheme is to find out what produce and what traffic each road is lilcely to carry 
when construetod. Each particular road, whether it he the reconstruction 
of an old road or the construction of a new road on a new alignment, should 
■show a definite saving in transport co-sts on the existing arrangements. If 
such a saving caimot bo shown the inclusion of the work in a road development 
scheme is not justified. These savings accrue in three wajTs : — 

(t) By reducing the distance from the source to markets or railheads, 
(n) By eliminating delay to traffic by tlie provision of proper bridges, 
(m) By improving tho surface so that wlioelcd transport can he used, 

6. The usual rate for pack transport on an unmctalled mabridged road 
;i8 6 pics per maund per mile, while for wheeled transport on an improved and 
bridged immetallcd road it is 3 pies per maund per mile. By improving and 
bridging it is therefore possible to effect a 60 per cent, saving in transport 
■charges, "Within this limit various degrees of saving can be effected by treat- 
ing tho road in different ways. 

7. It is usually possible to justify the improvement of any path into a 
ncoad under one or other of tho above heads, but in those days of financial 
.stringency a very good case must he made out for the inclusion of any project 
in a scheme of earth road development. The intonsit)' of the traffic can 
normally bo taken ns the guiding principle. It is suggested that the absolute 
minimum for which a road should be built or irajmovod is 100 vehicles per day. 
Tho greater the traffic on any road tho more jusjtification is there for its inclu- 
’•sion in tho scheme. It will probably pay to metal any road that carries over 
BOO vehicles a day. Tho earth road therefore finds its limits between 100 and 
■BOO vehicles per day. The great importance of earth road development in 
India will ho realised from tho fact that about 00 per cent, of the total road 
.mileage in India carries traffic between those limits. In any road scheme 
it is a question of rondoring tho greatest service to tho gi'catost number of 
jeoplo at tho least cost, and it is suggested that it is more important for the 
good of the country generally to develop those subsidiary feeder roads in a 
proper manner than to spend large sums on ambitious and luxurious main 
Joad schemes. 

8. To turn now to tho disadvantage of earth roads in tho matter of bridges 
.noted above. Tlio thing that stops wheeled trausport being used at all on 
an earth road in an irrigated area is tho fact that there are numerous unbridgod 
streams and irrigation channels to he cro.sscd. This limits traffic to pack 
animals and raises the cost of transporting produce to market, Pnlcka bridges 
•should he provided over all perennial streams and culverts for all irrigation 
'Channels. Causeways will do for mdlaJis liable to flood, since floods are of 
•only a few hours’ duration and that amount of delay to traffic is of no conse- 
‘qucnco. ^Vhat is of consbquonce is that, if there is no causeway, the flood 
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tears up the road and several days work is necessary before wheeled trafiSo 
can cross at all. With many such places in a District maintenance costs run* 
high, and it is not possible quickly to restore communication immediately after 
the flood. 

9. Estiniaies and Specifications for Earth Eoad Schemes . — ^In any earth 
road development scheme it is suggested that the provision of pukka bridges 
should be one of the first considerations, and that every unmetalled road that 
justifies improvement on account of its situation and traffic should ipso facto- 
be either fully bridged or sufficiently bridged that traffic will only be delayed 
for a few hours during actual floods. It would be wearisome to detail all the 
instances and the causes thereof where bad construction in the past has render- 
ed many unmetalled roads practically useless for the purpose for* which they 
were built. Apart from the question of bridges, the causes fall under three 
main heads : (i) Width, (n) Grade and {Hi) Drainage. If these three items are- 
properly attended to during construction the road, no matter what the surface 
may be, will be a good road. If economy is attempted on these three items the 
road will be a bad one, and m'll remain bad. It will also be a costly road to 
maintain. 

10. First as regards width, the minimum should be 20 feet clear between 
ditch, and 30 feet should be given wherever possible. On a narrower road 
than this bullock carts find difficulty in passing and slide off the surface into* 
the ditch. On a narrow road also traffic tends to track in the centre, forming 
ruts. On a wide road traffic distributes itself and uses the whole width and 
the evil of tracking is largely eliminated. 

11. ^ A steeper grade than 1 in 15 is too much for bullocks even for very 
short distances. It is better to aim at 1 in 20. Particular attention should, 
be paid to the approaches to and exits from nullahs, and these should not be 
too steep. It is a mistake to suppose that short steep grades are allowable 
because modem lorries and cars can negotiate them with ease. It is the 
bullock cart that should be considered. 

12. Many failures in road construction work are due to the lack of proper 
drainage of the subgrade. The only difference in the effect of poor drainage 
with different road surface types is a delayed action upon the high type sur- 
faces. On earth or gravel roads bad drainage is immediately apparent, while 
on a premix tar or asphalt macadam type the effect is delayed, but in the end 
it achieves the destruction of the road. The rapid effect of bad drainage often 
creates the impression that an expensive t 3 q)e of road is necessary. Careful 
attention to the orainage in such cases would save large sums of money. The 
provision of good drainage is cheap, except in solid rock, and good drainage 
with an inferior surface would be adequate, for many roads in India the main- 
tenance of which at a high standard is quite unjustified. 

13. The first essential, therefore, in preparing a subgrade is to ensure ade- 
quate drainage from one end of the road to the other. A subgrade is not 
properly drained until it has been made impossible for any rain water to re- 
main upon it, and impossible for any surface or irrigation water to flow on to 
it unless it is desirable to be able to flood the berms in order to increase the 
moisture content. It should also be made impossible for any water to rem.vlQ 
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stagnant’ iu the road side drains and gain admission to the road surface by- 
capillary attraction. The ivater must be given a means of getting away to 
the natural drn inage of the countr}'. In order to do this it is necessary to OTade 
the drains so ns to ensure that there is sufficient fall in the drain. As a general 
rule a minimum slope of 1 in 100 should be given. Culverts or scuppers must 
be provided to allow the water to pass from the uphill side of the road with- 
out flowing across the road. 

14. The number of cross culverts varie.s with the rainfall and the gradient^. 
The principle is that surface water should be taken away from the road surface 
and road side before it has time to saturate the subgrade from the side drains. 
A fair average distance apart from culverts is about 400 feet or an average of 
twelve culverts or so per mile. While the foregoing is tnie for normal sub- 
grades the moisture content in tbc soil sboiild not be forgotten. Cases may 
, occur whore, in order to maintain the moisture content in the soil by capill- 
ary attraction it is advisable actually to an’ange for water to remain in tbe 
side drains. Soils with a great excess of sand would be an example. 

lo. The object of good drainage is so to arrange matters that the moisture 
content of the soil will undergo Jis little change as po.«sible and will remain 
fairly constant in dry weather till a fresh supply of water renews it. The 
subgrade mu.st never Ijc allowed to get .«alurnted. In India many roads are 
constructed without nnj’ regard lo the final roadway level. If the final level 
is set two to four feet above the surrounding country and tbc fill obtained from 
wide ditches on either !<ide a lowering of the ground water level in respect 
, of the roadway level will result. It also permits tlic run-off of hca^’y rainfall 
without injur}' to the road surface. The result is a st able condition of the 
subgrade or surface. Such surfnco.s appear to be of an entirely different material 
from that in the fields along.side the road. (Sea Figs. 1 and 2 at the end of 
this paper). 

r 

1C. Another mo.st import ant point iu regard to good drainage is to ensure- 
that the flow of wafer in the drain is not ob.structed. An obstruction may be- 
caused by a projecting rock in the drain, by a tree or by zaininclans filling in tbc 
drain to give acce.oR to their fields from the ro.-ul. In the latter case katcha- 
bridges should he provided, or if there is a side lane a proper culvert should he 
built. A frequent source of obstruction fa an irrigation drain rumiingat right 
angles to the road side drain at a higher level. Tiie.se must be 2 >rovidcd mth 
pipes or culverts, (jS'ea Fig.s. 3 and 4). 

17. In road construction in India in the past it has frequently been the- 
case that funds for construction have been limited. Sa^^ngs have been made 
by omitting culverts and small hridgo.s, or iu other words by taking a chance m. 
the matter of the proper drainage of the road. This has in many cases let a 
legacy behind which is reflected in excessively high maintenance charges es- 
pecially for hill roads and roads that are subject to floods and spates. 

18. It has been found in actual practice that very great savings oim ho 
made in maintenance charges if improvements in the drainage of the road are- 
oarried out systematically and thorou^ly. Each road must bo oonsidOTCd om 
its merits and a detailed rcconnolssancc should be made under flood oondi lons^ 
to find opt exactly how and where drainage is deficient. New an arge 
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«4mlverb3, more small bridges, oatob water drains, cutting back ground liable to 
/land slides and the provision of retaining walls are some of the methods by 
which maintenance charges can be greatly reduced. 

19. The above three items, width, grade and drainage together with the 
provision for bridges constitute the main items on which the estimates for earth 
roads should be based. If a certain sum of money only is available it is far 
■ better to reduce the mileage of earth roads to be constructed or improved and to 
provide properly for the above four items than to cut down on these with the 
object of increasing the mileage and including additional roads in the scheme. 

■ 20. Preparation of ilie Suhgmde of an Earth Road . — Coming now to the 
preliminary preparation for actual construction, the prope? consideration of the 
subgrade is of vital importance. In India generally there are four different 
kinds of subgrade. There are many variations and combinations of these, and 
many special lands, such as kankar and moorum, but broadly speaking the 
. following four categories will cover all : — 

(i) Clay, 

(ii) SandorSUt, 

(in) Gravel on rock, 

(iv) Shaley gravel. 

For an earth road the subgrades that will normally be met with are clay, 
*nand and silt. 

• t- preparing the subgrado it is essential to know what sort of soil 

18 being dealt with, and for this purpose a soil analysis should be made. There 
• are numerous and complicated laboratory tests which can be carried out on 
nods, but in India it is necessary to send samples of the soils to laboratories 
- which are probably many hundreds of miles from the site of the work. This 
means delay, wh ch caimot always be afforded. It will, however, usually be 
-Sufficient to make certain field tests to determine the suitability of the soil for 
road r^kmg purposes and to decide what treatment is reqiured to make the soil 
-suitable if it is not so naturally. These tests are described below. 

22. The definition of the three materials which compose most soils 
•.are : — 


/Setwd.— Consisting of particles larger than -05 m.m. in diameter and 
which will pass through a inch sieve. 

&7#.— Consisting of partwles not larger than -05 m.m. in diameter and 
not less than *005 m.m. in diameter, 

Cfo?/.— Consisting of particles less than -005 m.m. in diameter. 

K these ^terials are present in the subgrade in the proper proportions 
■ their properties of internal friction, capiflary attraction and cohesion react on 
•each other in such a way that the subgrade is stabilised, i.e., it does hot break 
tup easily under traffic nor form mud in wet weather, nor dust in dry weather 
•except in a minor degree. 
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28. In order to determine whether materials are present in any soil in the- 
correct proportions it is necessary to — 

(1) find out the proportions of eaoli material in the soil, 

(2) find out whether the part'cular material in the soil possesses the- 

properties required of it. 

For instance, a road soil that is 95% sand will not cohere, and a clay that . 
does not possess the property of cohesion is useless as a road material and will 
do nothing but make dust. 

24. There arc four field tests which should be carried out to determine ■ 
(1) and (2) above : — 

Test I. To find out the proportion of sand in the so?7.— Take a sample 
of the soil (drjO and weigh it to any weight that is a multiple of 
ten, e.g., 300 grs. or 10 tolas. Put it in a glass and fill with water. 
Agitate it and pour off the clay. Do this several times until 
nothing but sand remains in the glass. Dry th? aa n d and weigh 
it. The result will give the percentage of sand in the soil. The 
remainder is cla}' and silt. 

Test II. To determine the proportion of dag and silt, — To do this 
acouratelj’' is a laboratory test unsuitable for use in the field. 
For practical purjmses it is not necessary to determine the exact . 
proportions. A very good estimate can, however, be obtained by ■ 
two methods .* — 

(1) Observing the colour of the sample. 

(2) Noting tbs settling properties of the samples. 

Silt is generally dniker in colour than clay and a sample that . 
contains too high a percentage of silt will not have the characteris- 
tic broum colour of clay. Silt settles more rapidly than 
clay. If the sample is put into a glass and mixed ■\vith water and 
allowed to settle the clay \vill remain muddy while the silt will ' 
settle within a few seconds. A sample that clears very quickly • 
has too much silt, ana some clay should be added to it. 

Test III. To test the suitability of sand. — ^Place a sample of the sand in 
a vessel containing water and agitate tlic water until the sand is - 
thoroughly in suspension. Then when the sand has been allowed 
to settle pour off the water slowly. If of good quality, the sand 
will not be carried out mth the water, but will remain in the ‘ 
vessel until practically all the water has been drained off. A had 
quality sand will not meet this test, and is not suitable for use on - 
roads. 

Test IV. To determine the quality of various clays by the slaking test. — ■ ■ 
Make up several balls of the same size of, the different clays, and] 
drj'’ them out. 
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Plaoe them in water so that they are covered entirely. The balls 
which hold their shape longest after being placed in the water - 
have the highest resistance to slaking, and that clay is to be 
preferred for use in the road. It is important in this test that, 
if various clays are being compared, the proportion of sand in each 
sample be the same. It should not exceed about 25 per cent. 

' Therefore if under Test I the proportion of sand is higher than 25 per cent, 
the sand should be removed before doing the slaking test. This 
can be done by washing out the sand from the sample. If the 
clay is of the slaking variety, i.e., ifthe balls disintegrate almost 
as soon as they are put in the water the clay is a bad one, and 
should not be used on the road. Samples that contain too much 
silt will not show good non-slaking qualities they will break up 
at once in the water. Clay requires to be added to such 
samples.- 

25. Having thus discovered the proportions and properties of the various 
materials in the existing soil, similar tests should be carried out for any materials 
locally available that can easily be brought to the road and used on it. Besides 
-sand or clay various aggregates may be available. These should be screened 
to find out their composition. It will later on be of great value to know the 
-composition of any aggregate that may be used. The tests for this are very 
■simple, and consist merely in finding out what percentage of the aggregate 
passes through the various sieves and screens. A sieve has square apertures and 
the mesh of the sieve is indicated by the number of divisions per inch length, 
i.e., a 10 mesh sieve has 10 divisions per inch or 100 openings per square inch. 

A 200 mesh sieve will only pass dust through it, A screen is described by the 
•diameter of the circular openings. Small sieves about 3 inches or i inches in 
■diameter of the various sizes should be carried when field reconnaissance is 
being done. These are quite good enough for rapid field reconnaissance. 

26. The next step is to decide whether any special treatment of the sub- 
■ grade is necessary. Gravel and good clay subgradcs will require no special 
treatment, but if the soil analysis indicates the presence of other materials in 
the wrong proportions, it is probable that treatment is required and it must be 
'given. The best proportions of the materials for an earth road are : — 

Sand . — ^70 to 85 per cent. 

Silt . — ^10 to 20 per cent. 

CUiy . — 5 to 10 per cent. 

It will usually be sufficient to consider silt and clay together without 
separating them, and a soil that contains 70 percent, sand and 30 per cent, silt 
• and clay would be a very good one, provided that the silt is not too much. This , 
-can be observed from the colour test and the slaking test. 

27. If an old road is being reconditioned the depth of the existing surface 
•: should be ascertained. If a new road is being made it should be decided what 
-depth of treatment should be given according to probable traffic conditions. 

Normally 8 inches depth should be aimed at, but if time and money are short 
-4 inches will do, or even 2 inches. Knowing the thickness and knowing the 
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proportions; of the materials present in the soi) it is easy to calculate what the 
correct thickness of sand and clay should be. If the proportion on test on an 
.old road being reconditioned was : — 

33 per cent. 

Clay. — 66 per cent. 

and if there had heon heavy traffic there would probably be 1 foot of dust on ' 
the road. An estimate should be made of the thickness to wliich this would 
consolidate. It would probably be 3 inches, which means tliat in the old road 
there was 2 inches of clay and 1 inch of sand. The proportion required is— 

— 73 per cent. 

Clay . — 25 per cent. 

By adding 5 inches of sand a proportion of 6 inches of sand and 2 inches of clay 
is obtained. This is the correct proportion. Supposing that it was found that 
!the proportion of sand in the road was 90 per cent, then clay would be added, to 
reduce the proportion of sand. It is desirable, hut not essential, that what- 
ever is added should be mixed thoroughly with the existing road soil and not 
.merely laid on. Water should be used to consolidate the mix. 

28. The following arc some mistakes usually made in reconditioning or 
-making an earth road : — 

(1) Srushhig off iJin (fual, ho.fore ftprmling anyihtny on tho road. — This is a 
mistake, bccati.se the dust, or in other words the clay, may be 
under Test IV found to be very good iiou-.slaking clay. If it is 
slaking clay it is correct to brush it olT. 

i(2) Usiny large shiitgh. — ^This is n mistake becouso, owing to the prc« 
portions of the road soil sbinglc of larce sixo will never bind. If 
the shingle is graded to proper proportions it would be correct to 
use shingle. 

(3) Tuning clay on the road for fiUinq — ^Tliis is a mistake as the ruts 

form because there is too much claj'. Sand should be added. 
But if on test a dclicioncy of clay is sliown it would be correct to 
put clay on the road. 

(4) Using had sand. — Only sand that jiassc-s Test III should bo used. 

29. The earth work on an earth road may he done by hand, hut it is much 
■quicker and more cflicient to do it -with a road grader set. The grader crew 
^th its full equipment moves along the road as constructed and camps at 
Suitable sites cu route, The whole work on the road,\vhcthor it is recondition- 
ing a new one should ho under the Sub-Divisional' Officer with an Overseer in 
charge of all work. The Overseer wilhcontrol both the manual labour wor^ 
*Dy bridge construction work and the work of tho grader crew. It is uiuound 
to ucko tho M-istri in charge of grader work control any other manual labour. 
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30, Wlistlier machinBry is used or not there are certain items of work that'- 
must be done by manual labour, and they are as follows : — 

(7) Repairing ox constructing bridges, culverts, causeways, etc., andi 
improving the approaches to them. 

(0) Filling all places liable to flood and where big holes and depressions, 
occur. 

Blanketing with good earth or sand all stretches containing unsuitable 
soil. 

(d) Removing jungle and other obstructions. 

(e) Providing milestones, etc. 

31. The essential difference between work done by machinery and manual 
labour lies in cambering and improving the surface, the latter involves obtain- 
ing earth from borrow pits whilst the former does not, and therein lies the 
main source of saving. 


Functions of the different machines, 

A road grader set consists of the following machinery : — 

1 35 H. P. Diesel or Petrol Tractor. 

1 Leaning Wheel Road Grader. 

i Revolving Scraper. 

1 Scarifier. 

1 Drag Broom. 

1 Lorry and Trailer or 2 Lorries are attached for administrative pur- 
poses. 

The machines are separate units. The power unit can be attached to any 
one of the others and works it separately. This set can do the following 
work : — 

(i) Road formation including digging out ditches and dressing the 
surface to a proper finish. 

(m) Filling dips, filling approaches to bridges and culverts and raising 
low lying portions of the road. 

{Hi) Cutting mounds of earth, scraping off bumps and easing gradients. 

In ordinary soil where there are no obstacles or where such obstacles as 
trees have been removed the Road Grader will do about 20,000 cubic feet of 
earth per day. The efficiency ratio, or the ratio between the cost of the same 
work by hand labour and the cost by machine has worked out in practice at 
1*56 with a petrol tractor. With a Diesel tractor the same ratio would be 
about 2*0. 

32. "Where there are obstructions to the work of the grader such as roots 
of trees, .large bumps of grass or larger holes and depressions the rate of proffross 
is greatly reduced, and consequently the efficiency ratio. Generally speSring 
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the tvork of one grader set is equivalent to that of 220 men. It should he noted 
that the loss of one hour’s work of the grader means a loss of about Rs. 7 at 
least. It thorefore pays to organise the work so that the machine is never 
idle. 

33. The revolving scraper' is used for filling work on the approaches to 
bridges and culverts and for deep dips and depressions. Where earth can be 
obtained vibbin 25 yards of the site its use is economical. The efficiency ratio 
works out at 1 • 21. Where earth has to be obtained from a distance greater 
than 25 yards the use of the scraper is uneconomical, and it is cheaper to do the 
work *l5y hand labour. Nevertheless the work will be done more expeditiously 
by using the scraper. 

The scarifier is seldom required on earth subgrades, but is very useful if 
hard gravel or conglomerate is encountered. 

34. The success and the economical use of the road grader set depends on 
the following factors: — 

(i) Tyjid of work, viz., cutting, filling, road formation. 

(jj) Nature of soil. 

(m) Existence of any obstructions to the work of the machines. 

{iv) Efficiency of worlcmen and crews. 

(t) Organisation of the gangs assisting the plant, 

{vi) Supervision. 

35. The first three items have already been noted upon, but it cannot be 
too -strongly emphasized that the clearer run and the longer stretches of clear 
run that can be given to the machines the more efficient wll be their work. 
Consequently organization of the gangs plays a greatly enhanced part in the 
financial result of the operations. The following gangs have been found most 
suitable : — 

(а) Crew — 

• 1 Mistri. 

1 Tractor Driver, 

1 Grader Driver. 

1 Cleaner. 

2 Chowlddars. 

The two "drivers should be interchangeable, as the tractor driving is very hard 
work, and it is definitely of advantage if both men understand both machines. 

(б) Gang No. 1 (4 Coolies). — ^This gang should be permanently with the set • 
One cooly helps the grader man with adjustments. The iMistri in charge .should 
train these coolies in odd jobs, e.g., operating the travensing gear of the grader, 
fixing and unfixing the street plates of the tractor when the machines have to 
march to another camp, and operating the string of the revolving scraper, etc. 
Trained coolies render very valuable assistance in extricating the machines in a 
trained and sldlful manner, when the latter get stuck in boggy ground. While 
the machines are at work, these coolies should clear the ditches and remove 
bumps of grass that get mixed up with excavated earth. 


F 
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(c) Gang ISO. 2.— This is a temporary gang of 4 coolies working in advance 
of the machines. Their duly is removing stumps of trees and roots, clearing 
hushes filling in large holes where tree stumps have been extracted and generally ' 
preparintr the road in advance of the machinery so that the latter will have a 
clear run. This gang may be increased up to 20 men according to the amount 
■of work involved. 

36. The cost per mile of grader work will vary according to the nature of 
the soii and the amount of obstructions encountered by the machines. On a 
straight open road the rate is Es. 240 per mile for the road formation, but' it 
may be increased to Es. 450 per mile under adverse circumstances. In estimat- 
intf for the construction of a road the rate should be determined carefully for 
each particular road and each individual mile of the road, after a thorough 
examination of the conditions affecting the rate as noted above. 

37. Generally speaking all earth roads have not only lost their camber, 
but the centre is very much lower than the sides through years of neglect. There 
is no outlet for the water, which soaks into and softens the soil, the surface is 
therefore readily spoiled even by the lightest traffic. It is not difficult to visua- 
lise what a road surface is like when catde have walked over it while in a sodden 
state. The first object of road grading is, therefore, to restore the camher. 
Where the rainfall is light and moat months of the year are dry, excessive earth 
filling may take a year or more to settle, and in the interval of settling the road 
is a quagmire in the rains and very dusty in dry weather. Past experience 
shows that the best results can be obtained with the iminimum inconvenience to 
traffic by making two separate gradings at an interval of two months between 
each allowing traffic to consolidate each layer. Excellent results are obtained 
if the two gradings are done just before and during the rains. A third grading 
should be done with the Auto-Patrol. 


38. Before grading operations commence the exact alignment should have 
been decided and marked out. It is much more economical if the grader crew 
can have a clear run for the machines. They should not deal with any stretch 
less than a mile in length. All obstructions, such as trees, should be removed 
before the grader is put on the road. Culverts and bridges should be completed 
before the grader starts, if it is possible to arrange the work accordingly. The 
first round of the grader should aim at completing the first layer of the road 
surfaep. If the road surface has to be raised more than 18 inches any fill above 
that height should be left for the second round and a third round given later. 
The first round usuaUy requires eight or nine runs of the grader, or even up to 
twelve depending on the nature of the soil. 


39. The finished road should present a hard compacted surface with suffi- 
cient camber to allow any rain falling upon it to drain rapidly to the side. 
The amount of camber ^1 depend upon the nature of the soil. GeheraUy 
spealang, light sandy sofis which drain quickly can be left with less camber 
than heavy cla^ which retain the water and become muddy and rutted unless 
well drained The camber should not be greater than drainage requirements 
demand-orffinarily, the slope from the centre to the side of the road should 
be about half an inch per foot. Provision of camber is the final step in the 
grader-bmlt road. The ditches alongside the road should have ample capacity 
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"to carry ofi surface water. They should l)c deep enough and wide enough 
to provide proper drainage, should have sufficient longitudinal slope to keep the 
' water moving, b^it not so great a slope that the speed of movement of the water 
will he likely to erode the banlcs and damage the roadway. The side ditches 

■ should have outlets into the natural water courses at as frequent intervals 
as possible. 

40. Wherever possible, there should be a very gradual slope from the road- 
'way to the bottom of the ‘ditch. Tliis accomplishes three purposes : 

(1) It puts the ditch far -enough away from the roadway so that the 

water in the ditch will not seep under the road surface to soften 
the subgrade. 

(2) It makes less hazard than a steep bank to vehicles forced ofi the main 

roadway. 

.(3) It reduces the cost of keeping the ditches free from weeds and soil. 

The cost of grader-built roads is proportional to the number of trips 
required and the speed of operation. The nature of the soil handled and the 
• dimensions of the road have a direct bearing on these factors. Improper 
planning of the cycle of operations or carelessness of the operators increases the 
number of' trips and hence the cost of the toad. Co-operation between the 
'•■tractor driver and the grader operator is essential for efficiency, and both men 
should be trained in each operation. 

41. A cut should never be made until it has been determined where 
ffinally to place the material obtained. Get the material with the lightest outs 
that will develop the amount of fill required. Place it in its final position ■with 
the fewest number of operations. In cutting a ditch, first set the blade at the 

' proper cutting angle and then shift the frame on the rear axle so that the rear 
' wheel mil follow the point of the blade in the bottom of the ditch. Por work- 
ing in wet soils or in heavy grass, sharper angles of the blade arc required than 

■ when working in light loamy soils. A little experience on the part of the grader 
- operator will soon indicate to liim the angle at which the blade cuts host for the 
; particular soil in -which he is working. 

42. On steep slopes the weight of the grader will tend to force n; down the 
' slope. In such cases the wheels should be leaned on the axles so that they run 

in approximately a vertical position. On flat work, "where the cutting is at or 
. near the point of the blade and where there is little or no pressure against the 

■ heel, the force tends toward rotating the grader. The rear wheels have a 
fcendcnc}'' to move in the direction of the delivery of the material excavated and 
the front wheels in the opposite direction. The wheels in each case should bo 
leaned in Ihe direction opposite to this rotation. Thus if material is delivered 
from right to left, any tendency for the front wheels to slide towards the right 
and the rear wheels towards the left can be counteracted by loaniijg the front 

"wheds towards the left and the rear wheels towards the right. A little experience 
and proper attention to this feature will determine both tlio direction and 
.'the extent to which wheels ..should lean. 

r 2 
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43. The diagrams (Fig. 5 at the end of this paper) shov.' the operations 
of the grader at each run on both sides of the road, one run up and one down ; — 

(1) Blade set at 30® to the centre of the roadway, and a shallow cut taken. 

The earth is thrown up in a mound on the road. Before this run 
is made it is necessary either to mark out the line with pickets or 
spitlock it so as to give the crew a straight line to work on. 

(2) A cut inside the first cut, and more earth is thrown up. 

(3) The blade point is set straight down, and takes a deep cut into the 

subsoil. Much earth is thro'sni up. 

(4) With the blade in crosswise position the earth is spread towards the- 

centre of the road. 

(5) A deep ditcli is again cut. 

(6) The earth thrown up by the previous run is moved to the centre of. 

the road. 

(7) The ditch is propcrl)’ formed and more earth thrown up. 

I 

(8) The blade set cross wise moves the earth tow.irds the centre of the- 

road. 

(9) The lost run smootlis the surface and finishc.s the road.' 

The specification for an earth road .should in general be the .same ns regards- 
n^ng dimensions as a Class I or Class II road. It is preferable to gi^ Class I 
width throughout, since the wider the road is, the easier it i .<5 to maintain. 
On a narrow earth road traffic tends to track in the middle and ruts rapidly 
form, whereas on a wide road the traffic tends to nsc the fnll width of tho- 
road. 

44. The following exceptions should be made in the approved specifications- 
in the case of earth roads : — 

(a) As these roads \vill probably carry bullock carts the maximum gra- 
dient should be 1 in 15. A steeper gradient than this i.s too ranch- 
for the bullocks. 

(h) No super-elevation on curves need be given. 

(c) Boadsidc drains should he as wide as possible. 

(d) Length of culverts should he the full width of the road forma- 

tion. 

(c) Mile and furlong posts should he of 3' x 3'’ steel angles 4' lon'^ set 
in concrete. ° 

No warning signs need be provided. 


45. Maintemnce ofEnrth Sitrfaccs . — Too much attention cannot bo "iven- 
to the maintenance of earth and stabilised earth roads. The whole tendency 
in India with regard to earth roads is to allow them to look after themselves. 
This is a most uneconomical thing to do, because an earth road will deteriorate- 
veiy rapidly if it is not properly maintained. The maintenance required is not- 



81 


t)f, a' very 'liigli order, nor is it at all costly. It is also extremely simple, but the 
point is that it must be done and done regularly. The maintenance charges of 
•earth or stabilised earth roads should not exceed Rs. 150 per mile per annum. 
'This sum, however, must be spent sufficiently otherwise the whole of work of 
■construction is largely wasted. It is less expensive to keep an earth rpad in 
•good condition than to renew it after ithasheen allowed to deteriorate through 
lack of care. Timeliness is an important factor in road maintenance. When- 
•ever possible the roadway should be reshaped when the surface is moist but not 
wet. When in this condition the work can be done with greater ease and the 
loosened material will settle and compact more readily. It is not advisable 
•to do work on earth roads in very dry and dusty weather. 

46. When the road surface is allowed to become rutted, rain water will 
•collect in the depressions making mud boles and weakening the foundations, 
whereas an earth road with a hard smooth surface will shed rainfall and will dry 
•o5 rapidly. If it is possible to do so. it is preferable to keep heavy traffic off 
"the road during heavy rain and for a few hours afterwards, until the road sur- 
face has dried. 

47. The following are the chief points to be observed on this mainte- 
jnance : — 

(i) Ditches must be kept cleat of obstructions and water must not be 
allowed to collect in them. 

(n) Camber of road must be maintained. 

■(iii) Whc'n ruts ‘begin to form they must he smoothed out. 

'(iv) Irrigation water must not be allowed to flow over the road. 

In addition to this certain special repairs may bo necessary, such as the 
Tepair of culverts, etc., for which materials are required. 

48. Also, it has been found by experience on these roads that the Zamin- 
<dar3 do three things which cause damage : — 

(?) In order to give access to the fields the roadside drains (which did 
not exist before) arc filled with earth. 

(m) Irrigation bunds are built so tlxat they encroach upon the road. 

<.(??i) During -construction it may not be apparent e.\actly where culverts 
for irrigation channels arc required. If a culvert docs not exist 
the Zamindar digs a channel across the road for his irrigation 
, water. 

It is the business of the maintenance gangs to prevent these occurrences 
-.and to put them right- To give access to fields kntoha timber bridges are good 
•onough, but they must be so constructed that the drain is kept clear. Irrigatipn 
channels and bunds are an encroachment and should not be allowed. The 
channel should be made by the Zamindar on his own land clear of the roadside 
•ikain. As regards now culverts it is only after experience of the road under 
traffic conditions tha-fc the full requirements can be decided. A few new ouh 
'verts will be necessary on all roads after construction has been finished, and 
•■allowanoe.foi them should be made in maintenance estimates. 
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49. In order to carry out this maintenance there are three methods any* 
one of which may be used for a combination of all three 

(t) By Anto-Patrol. 

(U) By hand labour. 

(Hi) By wood road drag scraper {See 3?ig. f> at the end of this paper). 

It is uneconomical to do earth work by hand labour. Maintenance ganga- 
should be reduced to a minimum and used only for digging out ditches, clearing, 
slips, patrolling and inspecting the road, and directing the work of the Anto- 
Patrol and the road drags. The Auto-Patrol should go over each road tunce- 
yearly re-surfacing, making up camber and tnraming ditches. It does the' 
same work as the grader, but on a smaller scale on an already properly ^aded 
road and much more rapidly. The road drag scrapers arc used for re-surfacing* 
and smoothing ruts, but they cannot bring more earth from the ditches on to the < 
road. 

(?) Auto-Patrol . — ^AHoiving for doing all earth- roads in wet weather and- 
much of the gravel road mileage in dry weather and allowing for holidays and* 
repairs to the machine, it is estimated that the Auto-Patrol should work 200 
days a year. 

50. The number of rounds required to put a road into good condition with- 
the Auto-Patrol depends entirely on the condition of the road in the first place,, 
but 4 rounds should not normally be exceeded ; 


i.c., — 1 round in bottom gear at 1*8 m. p, h. 

1 round in 2nd bottom gear at 3 • 7 m. p. h. 

2 rounds in 3rd bottom gear at 5*1 m. p. h. 

This means that the machine will travel IS- 7 miles in four hours, and the' 
completed mileage per day should be about eight miles. It will be safe to take- 
6 miles as the daily average, allowing for delaj^s, bad places, time off for meals,, 
idle movement, etc. The Auto-Patrol is definitely a one man control machine, 
all adjustments to both blade and scarifier being carried out through 6 control 
levers. A staff of one mistri and one mistri cleaner should be allowed for it. 

51. {ii) 31aintemnce Gangs. — A permanent working gang of 1 man per 
4 miles should be sufficient. Each gang would consist of 1 mate and 4 men and 
would have charge of 20 miles of road. Mates might be promded with a bicycle 
Maintenance gangs should be provided with the necessary tools and equipment,. 

52. (m) Drag /Scraper.— The drag scraper is a locally ihadc article costing 
about Es. 50 each. Each maintenance gang should have 2 draw scrapers as 
part of their equipment. These scrapers should be centrally situated and kept, 
in a suitable village on the road. Bach one can maintain 10 miles of road 
without undue travelling to and from work. The scraper is pulled by two. 
bullocks. In using scrapers it is important to remember two things ; — 

(o) It is difificult to train the bullocks to pull the scrapers properly, 
they are at first unaccustomed to this l-inr^ of work. 

(&) It is therefore difficult to persuade the gangs-tomake proper use off 
the scrapers. 



S3 


53. Tie scraper can be so inclined tint earth can be drawn to the centre of 
the road or away from tie centre or else merely smoothed as in Figure 7 at the 
end of this paper. Thus for a road requiring extra camber the scraper should 
' be inclined" with its left leading edge in advance. If the camber is too great 
then the right leading edge should be in advance. If a smoothing action only 
is required then the scraper should be drawn at right angles across the road. 
The amount of cut that is made can be varied by adding extra weight in the 
-way of sandbags filled with earth or stones on to the top of the scraper or by the 
cooly standing on it, but it should be remembered that too much cutting 
causes a heavy strain on the bullocks. If available a lorry can be used to puh 
the scraper. This is much quicker, but it is more expensive than bullocks. 

54:. The cost of maintenance of earth roads by a combination of the above 
methods should not exceed Rs. 100 per mile pet annum. 
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Extract from Engineer in Ghiof’s Technical Paper Ko. 10: “liniul Construe- 
tion and Maintenanve in hiclia''. 

gravel roads. 

Gravel is made up of small round particles of stone which occur in 
nature and are suiliciently large to be retiiiucd on a i" facrcoii. a 

soil coutains as much as 40 25Gr coat, to 50 per cunt, of gi’avel u*nu sulnciunt 
clay or other cementing material to bond the particles togciher it I)ro^08 
a satisfnctoi' 3 ' material for the ooiistriiction of roads, bccaiisi' it is drained 
easily and is very stable when compacted. 

Ordinarily the selection of gravel for use in road construction must bo 
coutined to local materials which are or can be iiukIc suitable for the pur- 
pose. Since gravel varies enormously in quality it is O'^scntial that the 
Engineer should have some Imowlcdge of the physical characteristics of the 
various materials and their suitability or otherwise for road construction. 

The tJiree chief characteristics which afiect the quality of crnvcl for road 
work arc: — 

(1) Tlie size and shjtjie of the pebble.s. 

(2) The hardness of the pebbles. 

(3) The proportion and nature of the lines, which act as a binder. 

It may appear strange but it is a fact that round iniitorial will bind 
just as well us any other form, and is much easier maintained with a 
smooth riding surface. Irrogulac shaped inatcrial may bind bettor to form 
a crust, but it is nob ns suitable us the round material for the .surface coat. 
Further, there is less wear in tho round stone than there would bo with 
irreguiar stone, since IrntSc cannot injure it by knocking olT tl»e corners 
or by reducing its size by abrasion and impact. 

For gravel to make a satisfactory surface* the stone juiriiclcs must be 
graded in size so that the amount of binder required is reduced to a inini- 
mum, since it is the stone and not the binder that takes Ibo trafiic. Most 
gravel deposits as they occur in nature satisfy this requircineut in so far as 
the grading of the pebbles* is concerned, but they nearly always conhiin 
pebbles of a size larger than it is desirable to incorporate in a rood surface. 
For a good surface the maximum size should nob exceed inches in 
diameter. The qualities which detennine the durability of j)obbles when 
used in a' road surface are hardness, toughness and resistance to wear. 
Fortunately most nullah bed bajri contains a large percentage of limestone, 
which is excellent for road work. Quartz is linrdcr timn limestone and 
gives a good finished surface as it is round and easily worked. Sandstone 
is softer but works into a good surface as it has good binding qualities. 
Shaley gravel is usually poor, ns it decomposes rapidly into du.st niidcr 
tratSc. Normally, in order to determine the best material (be Enmneer 
should reconnoitre the sources of supply in proximity to the alignment of 
the road. It is sufficient to test the hardness of the gravel by brcnlrin«’ the 
various kinds with a hand hammer. 

No matter how durable the pebbles contained in gravel may be, they 
cannot be used successfully in a' road surface unless they can be well bonded 
together to produce a combined resistance to traffic. 

Evei-yone knows the grovel road that has about 3 inches of loose gi-avel 
on top of it, and which is extremely dangerous for n.otor. veliiclcs. The 
reason why such surfaces arc bad is that there is no binder whatever in 
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the material. ' Clay is the usual binder available. The suitability of anv 
particular clay for use as a binder depends upon the same properties as its 
suitability for use in earth roads, that is, a good non-slaking variety of clay 
is the best. The clay must be mixed in the proper proportion T\ith sand. 
The sand content should be at least twice ns gi-ent as the clay content and 
the sand and clay, when thoroughly mixed should be sufficient to fill the 
voids in the ^’avel. 

■ The grading of the gi-avel should receive close attention from the very 
beginning.^ If the Engineer car-ries with him a number of small sieves for 
samplt.■^ he will be able to analyse in the field any gravel met with and 
•will be able to decide there and then whether it is suitable. 

'J'be gruvjl should be fresh and clean, and be roughly to the following 
grading, but a good deal latitude is allowable in the giading. — 

1' tof’ . 

r^v . 

, Fines below 

In order to obtain this grading it would be necessary to screen the 
gravel three times. For rapid work this is not practical. Fortunately 
most natural nullah bttjri is sufficiently well graded in the above proixjrtions 
for all practical purpofie.s. It is however, always necessary- to screen once 
to remove the large stones over 1". An expanded metal screen is the most 
suitable and practical way of doing this. The measurements of the mesh 
should be 1^" by J". 

One screening must always be done. If the large stones are not removed 
they remain on the road. They cannot be dealt with by the Auto-Patrol 
and they are a great nuisance to traffic. They have then to be removed 
by hand which is very expensive in labour, or else they remain a hindrance 
to traffic. 

« • 

When the gravel has been screpned once to eliminate the large stones 
it will readily be seen whether any' further screening is necessary. If the 
sample contains a large proportion of fines it may be necessary to use a 
screen to remove them. 

If the subgrade is of clav the above grading is the best, but if the 
, subgrade is sand or silt and if good non-slaking clay is not available, larger 
stones, even upto 3* in diameter may be used, as noted on page 88. 

Clay Subgrade. — The method of li’eatnient for a clay subofi’ade is 
simple. j 

If w'e examine an earth road during a dry spell after rain we will 
find that , as the surface dries out, a crust of hard ' earth li to 2 inches 
thick is formed. Below this crust the soil is considerably softer, and 
tains a greater percentage of moisture. As drying takes place, the effect 
of Li'affic is to reduce the crust to powder -ind tl'on to wear away the softer 
material beneath. That is to say, the action of the diy weather reauces 
the moisture content, and then the abrasive action of the traffic removes 
thp crust. Wliaiever treatment is afforded, tlicrefore, must prevent the 
drying out of the moisture sufficiently long until’ a further supply is 
; coming and thus inci’oose the wearing time of the crust to a reasonable 
'limit. In order to prevent this evaporation it is essential to cover he 
surface of tlie road. 


15 per cent. 
IS „ 

10 
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A comparatively thin layer of gravel on an earth .^urincc vcrv* quickly 
compacts with the earth fonning n thin coat which has the jiropcrly of 
reducing evaporation and providing a wearing surface for trnfhc. 

The ideal type of gravel surface is one in which the lower portion of 
the gravel combines with the earth to form a crust, on toji of which lies a 
thin layer of material which can be moved backward and forw.'irds to till 
any depi’essions that may form. This upper surface will be loose, and it 
is clear that its maximuin size should be comparatively .small. 

This latter point is of vit.al importance. The greatest, faults of so 
called shingle roads arc that the loose covering is too thick and tliai the 
size of the material comjiosing it is too large. In the lirst case the rofid 
will be heavy for trallic, and dangerous owing to skidding on the curves. 
In the second case it will bo roneb and the large stones will damage ibo 
under-parts of the vehicles. Both these faults are ii\oided by having the 
loose layer only half an inch thick and composed cliiotly of shaiq) sand. 

For first coat Avork a depth of graA'el of H to 2 inrlics should bo 
provided. Collection sliould be ordered for ‘2 inches. The width for the 
coat should lie 20 feet for 2-\\ay traffic and iho full widtli of the road for 
any less width of road. Tlie iimvel must not be stackO'! on the toad where 
it will obstruct traffic. Tlu* .\uto-Patrol Avill spread the gravel, if it. can 
reach the stacks. The grurol .should not be stacked iti siiinll wide sificks. 
These are easier to measure, but thev invariably occnjiy much space and 
obstruct traffic. Wliero the road is wide enough the stacks should he at tho 
extreme edge of the road. They should be nanw and high, and ivlso emt- 
tinuous along the length of the road. If the road is not wide cufingh the 
stacks must l)o collected originally off the road ilnd siihscqucntly'einicp 
spread by hand, or else mo\ed on to the road when (ho Auto- Patrol is re.adv 
to work thorn. 

The subgrade Inning been brought tu iis correct shape and eons-uli- 
dated, then and not till then should the giavel be spread. 

Belore laying the gn.Tcl the suiigrade should lie well watered with 
water lorries.^ The watering is of great \aluc sulisequently since it jirovides 
moisture which is retained when the gravel surface is put down. U also 
assists in consolidating tho lower layer of the gravel. 

The spreading may be done by hand or by the Auto-Patrol. It is belter 
to use tbe la-ttcr if it is available. The first coat should be l.iid U inches 
deep on a normal clay subgrade. Any large stones that got on to flip road 
when S25reading the gravel, or that are tom up from the subgrnde Iiv the 
Auto-Patrol should be removed by hand 

The Auto-Patrol should always hu’ve a small gang working behind it 
removing these stonps. 

If the spreading is done by hand it will not, he even. It can bo made 
even vei^ qnickly and easily by the Auto-Patrol. 

It is quite incoiTect to spread earth over this layer of gravel. Traffic 
itself will vetj quickly force the lower stones into tho clnv, tvhilst tho 
upper portion is retained loose. 

Maintenance of clay subgrades.— From time to time it will be necessary 
to ^ess up the gravel as the tendency of motor drivers is to take their 
vehicles straight down the centre of the road, thus forming two ruts and 
throw'ing up a little of the material at each side whilst that under the 
wheels is forced downwards. To drag the material back again is all that 
is required. This can be done by tho Auto-Patrol, or by broom drags. 
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, After a little rain and when the road has been opened to trafific for a.. 
short time the crust will soon form, yor almost all roads carrying light, 
trafl&c this single coat is adequate for the first year or two. A road planer- 
run over it once a month will keep it true to shape. If the material is- 
round, the -n’ear will be negligible. 

Where the traffic is very heavy, as during operations, it is likely that, 
the crust will be broken through in one or two places, forming very lar^e 
pot holes. These must be filled in with gravel without delay and before- 
they have time to spread. If 2" of gravel has been ordered and only about, 
li" spread there will be a surplus of gravel on the side of the road for- 
patching. It is very important to keep this patching material renewed. 

The first coat of gravel salvages the road. Subsequent coats improve it. 
A good gravel road should always have the loose layer o.f fine material on- 
top which can be worked backwards and forwards with the Auto-PatroL 
or broom drags to fill up uneven places. 

When deluged by rain the water can run away readily to the sides and-, 
if the shape is properly maintained by the machines no thin spots or holes 
' will bo allowed to form; This loose surface layer should ordinarily be about 
half an inch thick. For good mainteuance this lialf-inch layer must be 
retained. 

As subsequent coats increase the thickness it will not be long before a. 
full depth of about 5 to 0 inches is reached. Nothing is gained by increas- 
ing the thickness beyond 6 iuches. Should the read become uneven at this- 
stage the surface should be loosened to a depth of 1^ to 2 inches and the 
materia'l planed backwards and forwards. 

If there is %'ery heavy traffic such as occurs during operations and practi- 
cally while the road is under construction patrolling by the Auto- Patrol 
should bo continuous. This is very important, .and will make a groat differ- 
ence to the road. The Auto-Patrol will keep the surface even and wiU 
prevent pot holes from forming. For this work the multiple blade attach- 
ment adjusted to a depth of one inch should bo used. The Auto-Patrol 
will do 12 miles of road a day, once over in each direction. 

If water loiries are available it is advantageous to water the road in dry 
weather, as this not only Ijeeijs down dust, but also renews and keeps- 
the moisture in the road. 

Maintenance by the Auto-Patrol can be greatly assisted by using ai 
> drag broom and dreg scrapers towed behind lorries. The drag broom is a- 
locally made article and is excellent for keeping a smooth surface on a 
gravel road. A drawing of the drag scraper is shomi at figure 6 of Paper 
No. 4. 

Gravel and shale subgrades. — ^For gravel and shale subgrades the treat- 
ment is exactly the same as for an earth subgrade. except that normally 
one thin coat (li") of gravel will be unite sufficient to make a verv good' 
road. With these subgrades particular attention must be paid to provid- 
ing good drainage in the first instance. 

Catch water drains are extremely valuable for these subgrades, which 
occur usually in hilly country. If water is allowed to flow from the hill side- 
on to the road the coating of gravel will be washed away and will have to-" 
be renewed. 

Sand and Silt subgrades. — The method of treatment of sand and silt: 
subgrades is different from that recommended for an earth or gravel sub- 
grade. 
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When placed on sand or silt, gravel tends to go downAvards and in very 
"dry weatlier aa’IucIi extends for a lengthy period it may get lost altogether. 
.As a gravel road should have a loose surface, a coaling of gravel over the 
-«and at first presents a good surface. Tht. dillieulty arises in Iteoping it 
there. It can be I'etained by a layer of clay between the saiid and priiTol, 
if available. When good non-slaking clay is not to be had close at hand a 
large coarse gi’avel will serve excellenlly. It has the adAanlage ai.so of being 
'hard and not as easily destroy-!d as clay. 

This coarse material graded between U and 3 incliec should he laid on 
to a minimum depth of 3 inches. This layer will gradually mix up with 
the sand and furnish a hard base over which the smaller gravel can he laid 
in the usual way, later on. The larger stones below will bold the nnisluro 
'for a considerable time thus preventing the fine sand from worldng up. 
Subsequent coals of gravel will increase the crust iuid giMdiinlly build tij) 
• a good road. 

A sandy and silty road must he treated according to its naiure and 
according to the analysis made of the soil. It is usually better to put. on 
•.a double coating of gravel ns described above than to use clay, esjiccially 
if gravel is more easily obln'ined than good non-.shiking elay. Clay cuts 
up under traffic in Avet weather whilst stone does not. 

The presence of this additional quantity of stone will cause the inoisluro 
•to be retained and will delay evaporation. ‘ Band does not become objection- 
able in a road until it becomes dry mul powdery. The double thick- 
ness of gravel prevents powdering. If clay is used I’t must i)c r» momhered 
that it will pulverise in dry weather if applied above tlie sand in too thin 
a coating. The thickness of the clay should not bo less than 3 inches for 

inches coating of gravel. The greater the thickness of clay tvpjdied the 
nearer it approaches an ordinary elay road. The total qiiiintitv of clay 
•and gravel depends entirely on the nature of the simdv surface beiii" 
-covered. ‘ ’’ 

^ ith intenswe traffic the first or first two lavers of gravel mav disappear 
••altogether. Anything up to 1' 0" thickness of ‘grnvcl may have to be pro 
vided if the soil contains 70 per cent, of silt. * 

maintenance of silty subgrades.— In dealing with a very silty subgrade 
it IS of even greater importance to patch quickly fluiri it is in the easr. of 
'the good clay subgrade. 

Also, Avatering becomes of very great a'uIuc, and the arrangements for 
bringing Avaler quickly on to the roaxl must he coinjdctc. 

As soon as one coat of bajri has been spread on roads of the dnsuriiition 
-orders should at once be given to collect another coat. There should ahvavs 
be one coat of bn]n in reserve alongside the road. 

The tendency of graA'cl roads to develop a AvaA'v or coiTugated svirface 
is particularly noticeable in the case of sandy and Vilty subgrades. If the 
•corrugations are not too deep and especially* if the Avork is done aa-IuIc the 
road surface is moist, the tops of the comigatioiis can ho cut off hv the u<^e 
of cither a giwder or the Auto-Pntrol. The material thus reinoved is 
-spread unifonnly OA’er the surface and comjiactod hv traffic. It should be 
; continually worked back and forth and kept in a smooth condition Avhilo 
•it is thus being compacted. A small amount of moisture in the road surface 
adds materially in its cementing or bonding together. Too little or too 
oniich moisture will prevent the nroper hondin*’. 
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If the roadway has been allowed to become deeply rutted Or very v;avv- 
uuder the action of traffic, the snrfiiee niay bave to be scarified and bkded' 
into proper shape. This .scarifying should bo done to a depth equal to at 
least the depth of the corrugations. Tlie scarifier attachment for the Auto- 
Patrol is an excellent tool for this work. It should be borne, in mind that- 
large rocks in the road bed ■ interfere with this method of reshaping and 
they should be removed from the surface before starling the work. ° 


Licwtcnani-Coloncl A. V. T. Wakchj {the Author): Jlr. Cliaii-inan and' 
gentlemen. The only additional remark that I would like to make is to 
stress the importance and value of the Auto-Patrol that we saw in Pe'-'hawar 
It is a tnainlenance machine, and we find it extremely valuable for the 
mnintenauee of earth roads. The one you actually saw in Peshawar did 
not have the ordinary blade fixed on, but it liad the multiple blades. The 
ordinary' blade is used for the fii-st two or three rounds and the multiple 
blades are for smoothing. TJio Auto-Pairol is a very rapid working 
machine for the maintenance of earth roads, and we liave actually done up- 
M five miles per day of finished road with it. (Apijlause). 

Chairman : I will now call ujion Mr. Breadon to introduce his paper- 
and to make any additional remarks be wishes to make. After that, -we- 
will consider both i)aper,s togetlier, as I think they relate largely to tha 
same subject. 

The following paper was then .siihmitled for discussion • 
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PAPER No. 3. 

Earth Road Constbttctioh akd Maiktekance by JlAcnixERr. 


By G. TK. 0 Brcadon, Dislrid Engineer, Gnrdaspur. Punjab. 


These notes relate exclusively to EARTH ROADS, ^vlncll, nil Entrinoers 
"vrill agree, must form the backbone of Couimuuieiitions in Iiulia, even if, 
•'when the financial position improves. India embarks on a progrannne for 
■extending her hard road system. 

2. Earth roads, under all conditions, will, for all (ime, remain the peoples 
roads, i.c., the District Boards* Roads. It follows that any imjwoveinent in 
'methods of construction and maintenance arc of vital importance to District 
Boards and also to the whole Province. 


3. Uy experience is that a good earth road can be maintained in .s.<»ti.s- 
factory condition for easy travelling for the gre.it er p.irt of the year nj)d in a 
fairly passable state during the rnin.« nl.«o. Tract or.s and the grmlcrs have 
been tried out in the Gurdaspur and several other districts in the Punjab. In 
the Giudasptu; district these mechanical n]>]>linnces liave done eomjmrativcly 
good work and have done it fairly clic.-iply, hut from mv e.\]nTietice, ns a high- 
way Engineer, I was not .satisfied with the plant employed, it.s output and the 
•cost of operation. This was not becnu.se the tools are nn.«erviccnblc, but 
•because the outfit is incomplete. District, Boards are ill-advised to invest 
-in complete plant which could not, therefore, yield the he.st results. 


4. For road construction and maintenance .an outfit .should ronsist of :• 
Two graders fitted with scarifier.s and hack slojiers. 

Two tractors for grader.-^. 

One road planer, or smoothing dmg, or so called " Mainiaincr 
One tr, actor for road planer. 

One triple sot- of road rollers (6 tons). 

One tractor for rollers. 

One motor lorry for transport. 

Four tents for opcratoi.s and coolies. 


Invof; "^ost District Boards to 

-such a complete outfit, but the Gurda.cimr 
lj«s pio^nded two tractors, two graders, one maintainor, one 
set of triple road rollers, two bullock carts and four tents for stnlT,;md I feel 
sangume that two more tractors will lie ptonded next voar. 'With the plant 
non in use I am .nble to grade from 4 to 41 miles of road per day, hut vnth a 

krae dT T^ completed 

1 4 .^* ^'^^^tached shows the .sequence of operations in which 

a complete outfit should proceed along the road. operations m whicti 
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. 15. The advantages that this system offers ate threefold. 

Firstly.— Ahont 10 miles of mainteiiauce work, including drain-excavation 
surface-cutting, surface-forming and consolidation, can be executed in a work- 
ing day of eight hours that is 60 miles of road can be improved weekly 
•without the operators being inconvenienced, as a lorr}’- enables them to chanf^e 
<;amp daily. In this manner all roads in this district can be graded at least 
three times a year without disturbance to traffic, 

. Secondly . — ^It is the most economical method of road maintenance and road 
construction." The co.st of improvement by manual labour is about Rs. 1,500 a 
mile and subsequent maintenance varies bet^veen Rs. 200 and Rs. 350 a ryiilp 
whereas a mechanical outfit, including all working charges and depreciation,’ 
can do the work more quickly, more efficiently and far more economically. 
Improvement costs apjnoximately Rs. 60 per mile and maintenance from 
Rs. 20 to Rs. 40 per mile, according to the nature of work and season in which 
it is executed. 

Thirdly . — ^Thcre is efficiency with no disturliauce to traffic. The whole 
outfit operates simultaneously ; a grader works on eaclx side of the road cutting 
& side drain, sloping the edge of the road and conveying the loose earth on to the 
road ; the planer or drag following spre-ads the earth evenly over a width of 9 ft. 
along the road surface and at the same time cuts down and smooths over all 
irregularities in the road ; wliile the rollers in their turn consolidate the earth 
leanng behind them a finished road ready for immediate use. Nothing more 
desirable could be wanted for we have in tlds outfit SPEED, EFFICIENCY, 
FREEDOM FROM CLOSURES AND ECONOMY. 

7. During the year 1931-32 about 200 miles of earth-roads in the Giirdaspur 
District were maintained — a tractor and grader alone being employed. The 
work was good and the condition of road.s was material)}* improved at an 
average cost of Rs. 52 per mile for the first grading, agaiirst an estimated cost 
of Rs. 100 per mile for 2 gradings each year ; hut tlie great drawback through- 
out was the looseness of the road surface, which is, ns can be readily realised, 
a great hinderance to all forms of wheel traffic. A loose surface, too, is quickly 
rutted by bullock carts and lorries, which calls for a second light dressing-cut 
within a very short time of the first operation. In my opinion the grader, 
without the planer and rollers, can not, in producing a cheap and serviceable 
earth road, compare with a cojuplctc outfit. 

8. Referring to the attached plan, I desire to point out, that when the 
existing side drains of a pre-graded road arc in a fairly serviceable condition 
it is not necessary for more than one grader cut to he made on each side 
of the road, in order to provide sufficient earth for the making up of the 
road surface. The width of the road is determined by the spread of the blades 
of the maintniner, wliioh iu the case of MacCormic Deering No. 61 planer, is 9 
feet. The mounds of earth left by the grader .should, therefore, not exceed 
8 feet from outside to outside. "WHien .spread over the .surface of the road by 
the long moveable blade behind, the width is increased to about 10 feet which 
•is easily covered b)*' the rollers. Should a larger quantity of earth be required 
for the roadway, and it he also desirable to widen and deepen the side drains, 
the graders will have to make two cuts on each side of the road, the first cuts 
^eing 18 feet apart and done independently of the maintainor and rollers. 
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These will not come into operation until the graders are making their second 
cut, which will be in parallel lines 14 feet apart. 

Note -It is very important, not only for tho sake of appearance, that the ^t- 

It 1 even more important when a maintainer is m use that tho guide linos for tho gr 
s hould bo accurately laid out and be parallel. 

9. Punjab.— ILoads in the Punjab are divided into four classes :—(l) 
Arterial, (2) Class 2 or main roads, (3) Class 3 or entire y District Board roads 
(41 ^-illai^e roads. Under the Head Arterial Roads there are ^> '20 miles of 
which AsO are metalled and 2,570 are unmetalled. Arterial^ Roads are 
maintained exclusively by the Public Works Department from Piwuncial funds. 
The total mileage of Class 2 or Main Roads is 8,160, of which l,ly0 are metalled 
and 7 110 unmetalled. The total mileage of Class 3 roads is believed to bo- 
ll 000, of which 150 are metalled. There are about 40,000 miles of village 
roads hi the Punjab, but actually they do not deserve the name of road. 

10. Prom the above it will be seen that Punjab highway system includes- 
about 20,500 miles of earth roads and 3,600 miles of metalled roads and were- 
the Province to embark on a programme of metalling the whole system it would 
take about 100 years to complete at the colossal cost of Rs. 41,00,00,000- 
which represents the initial cost of construction only. It is ob\'ious, therefore, 
that this Province will have to depend mainly on earth roads and, in order 
to improve and maintain such roads, it will have to resort more extensively 
to the use of machinery. 


11. In order to open up the country rapidly and economically, I would 
urge upon Government tho proposal of combining its Railway, Roads and 
Rural uplift policies, whereby a larger number of feeder earth roads and oven, 
village roads can be improved for motor traffic and some restrictions placed 
upon tho transport of goods and passengers by motor vehicles along arterial 
roads running within a distance of 10 miles on either side of Railways. If this, 
could be done motor lorries would find their way into tho remotest of tillages, 
from which passengers and goods will bo conveyed to Railw.ay stations. The- 
revenue of the Railways will thus be increased, while the owners of lorries will 
have no occasion to complain of loss of business. Incidentally with tho im- 
provement and the extension of the earth road system Government, as well as- 
District Boards, should be able very materially to reduce the cost of education, 
which is at the present, a drain on the resources of District Boards. 


12. Soife.— Speaking generally from a constructional pomt of view, there- 
is hardly a soil which is wholly \msuitable for an earth road. It is, however, 
admitted that some soils are bad, but it is not difficult, nor is it costly to im- 
prove the surface so as to make the road serviceable for motor A-ehicle and 
bullock carts. 


(1) A clay-loam (containing about 60 to 70% of clay) makes aroad wliich 
will stand up to hea^' 5 ’• traffic. 

(2) A light loamy soil (containing over 40% of sand) is not to be despised,, 
provided that it is graded and rolled when there is some moisture in the soil. 
This road will easily carry moderately heavy traffic, but should it break up 
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under. heavy loadSj a 3 inches to 6 inches layer of clay spread over the surface 
at the time that the 2nd grading, is being done will, when rolled, remove all 

difficulties. 

« 

(3) Soils impregnated with certain salts are about the best for earth roads, 
but 

(4) ‘Wliere salts are in excess, they can be remedied by cither clay covering 
the surface or by spraying with the crudest of earth oil. 

13. From actual experience in this District I have found that the worst 
sections of roads in weak soils- can be improved and brought up to a high 
8.tandard by claj’-covering at an average cost of Es. 500 por inilo. 

Id. Selection of Plant . — ^The experimental stage has jiassed and we are 
now definitely able to state what makes of tractors, graders, mnintainers 
iind rollers are host adopted for the mechanical construction and maintonaiico 
of earth roads. 

(a) As regards tractors, I prefer those manufactured hy MacCormic 
Peering. For light draught work tho 15/30 H. P. — ^is generally suitable and for 
heavier .work tho 22/30 H. P. wheel tractor will bo found very suitable. The 
T 20 Trac Tractor is also a very good machine, but it has one woalcncss in its 
track rollers, Avhlch tho manufacturers have been advised to remove. The 
Cater])illar ti-actors have also given very satisfactory service on tho North- 
ITest Frontier ; while in Konya tho Director of Public Works lias found tho 
HOLT No. 30 Catorjiillar, tho* Sawyer Massey No. 80 grader with scraper and 
back slopor and Eansomes Duplex Water Ballast Boiler to bo the most suitable 
for his work. As a matter of fact that tractor is best the gears of which are 
suitable for earth road work. Jlost British nuichincs are unfortunately un- 
satisfactory for tins reason. 

- (6) Graders . — ^Tiio Graclors which I liavo used are tlio Adams leaning wheel 
No. 7 and tho Stockland grader and have found both O'lually sorvico-iblo. 

(c) MttinUdner . — IMy oxporionco in regard to maiutaiuers is limited to 
Adams No. 01. 

(d) Rollers. — Our .sot of triple rollers was manufactured by a Bombay 
firm, but unfortunately tho frame is weak. 

Schedule or Coxsumptiox of Fuel-oil. etc., hy rradixg oltfit .a.xd cost 
OF Gradixo per jiile travelled. 

. 15. For tho purpose of choolcing the cost of grading I give below the 
average consumption of oil, lubricating oil, etc., also cost of labour and doiiro- 
ciation on an outfit consisting of one T. 20 Trac-Tractor and one Adams loaning 
wheel grader ; — 

(1) Kerosene oil=0* 93 gallons per mile travelled. 

(2) Lubricating oil=0*08 gallons per mile travollod 

(3) Pctrol=0* 02 per mile travelled. 

(4) Greaso=0*'02 lbs. per mile travollod. 

(5) Thiele lubricating oil=0* 07 gallons por mile travelled. 

' 0 
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(6) Miscellaneous (Lime soip, cotton waste, etc.) —0-4-3 per mile 
travelled. 

( 7) Establislimont=l-l-8 per mile travelled. 

(8) Depreciation=l-6-8 per mile travelled. 

Noti:. — ^Tho cost (not including repairs and doprosiaMon) should ordinarily not osceol 
Us. 2-8-0 oar mile travelled. The total cost including repairs and doprooiation for the 
year 1933-34 worked out to Es. 4-0-0 per mdo travelled. 

16. During five months of tho current year the cost of working an outfit 
consisting of a T 20 Trac Tractor, a 22-36 M.acCorniicDcoring wheel tractor, at 
Admns leaning wheel grader, a Stock Land grader, a Cl maintainer and a set 
of triple rollers (6 tons) is as imdor : — 

Kerosene oil= l^- gallons per mile travelled. 

Petrol=l gallon per 50 miles travelled. 

Mobile Oil=l gallon per 12 miles travelled. 

Gear Oil=l gallon per 35 miles travelled. 

Grease=l lb. per 16 miles travelled. 

Miscellaneous (cotton waste, cleaning cloth, soaj), otc.)=3 pies per mile 
travelled. 

Establishment Re. 0-13-6 per mile travelled. 

Depreciation Es. 3 per mile travelled. 

Lime for marking road 1 maund per mile travelled. 

IsoTE.— The estimated cost including all charges i? Rs, s per mile travelled. 

1/. Establishment . — Establishment employed on working tho above 
machines consists of ; — 


1 Tractor Drivor-meclianio 


Es. 
p. m. 

70 

1 Tractor driver . . 

• • • • 


42 

2 Grader operators at Es. 40 each 

» a * • 

.. 80 

1 Jemadar 

• • • • 


20 

8 IGialasls at Es. 15 each . . 

* * • • 

.. 120 

2 Cartmeu at Es. 40 each 

» • • • 

SO 


Total 

.. 412 


to sunm^ethewnX’ ^™®3banical overseer with road oxporioni 

cS "ft^ be more tb 

Ingbtr^Stnga^ importmt thnt tho DW» 

and aloo o.orcioo fto,„ent o„pe.?ioion ooTZTws Z 



nil inacliincs clean and fnrtlifnlly oarrying out the instriickions of mamifacturcrs 
in tlio proper liihrication of all parts. 

Ifl. SjKtrc Parts . — ^Tlio Di-stricfc Engineer slioulfl arrange to keep in .stock o 
Guitablo nximlior of cutting ])1adc.s amt surli other parts of machinery as re- 
quire frequent xcjtlacoinent. lie ahouki also obtain an mwlortaking from the 
naents, through whom machines have been jmrchasorl, that they themselves 
will maintiin a well-stocked sjjaro jxnrt.s department in Tndia, jjre.'erably in tho 
Province whore tho ninchinos arc Oj>eroting. 

20. .Ufinmt Lahwr . — Deapito tho fact, that a grader can conveniently 

raise a road to a height bf 2 it., ]>rovide I that snlbcicnt land is nvnilablo on 
both sides of tho Toaxi-wavj fro:n which spoil can be exit and fonvevo l to the 
bank, we ennnot entirely disjjcnfo with conly labour in tho construction, 
imT>rovoinent mid mnmtenance of earth roids. labour is ne-'c'^siry 

for (a) TCl)airing liridgcs and rudverl s and in keeping their ajiproachcs in order j 
(l>) clnsinsr I'rcachcs in roatls and in raising such )>ort.ion8 of the ro.wl where 
machines cannot ojierato ; (n) clay covering sandy atrctclien ; (d, griibbing out 
i;tmn]‘5 and roots of tn-cs ; removing junrilo ami liir<j«> rocks ; (<•} cutting outlets 
from draitis ; and (/) kccjjing roid crossings in pro}'tir order, 

21. LhnitntUm of si v o/ Motor ivjrit'h'.- — If tho proposal that I li ivo undo 
above to iuij?rovo earth roads .and even vilhage roads bo x arric 1 into e!T"at 
it avill be advisable in tho intorc‘-l of tin* ro.id.s not to idlow very heavy vehicles 
to jdy for hire. It is a mist ih'o to suppose that Tndia, with its milliotis of 
finiali land ouaierf*. will ever kud itself to the ornjdoymejit of largo i.railcrs 
drawn by di'wd oil engines or mtilii-whceh*d truck-s in any ca'^-,* t lmir intro Juc- 
tion should not bu encouraged, but every nssiytance sbouhl be given to omall 
lorry owners, 

22. CoocIu-ioH,—-1i IB iTKi.st imjiorl ant. where ineelianical too'iwtre u.'^o I in tho 
development and maintonance of ronds. thiit the maehinory fo employe,] should 
bo Irent in constant coouni.s'jion. !)ro.d:downs cannot bo iiltogcthor avoided, 
but they can be camsidc-r.ibly roducod, if u trostwortliy .Bujjorinlen'lerit is in 
charge of the jdant mid if the Distriidr Engineer oxercisc.s rc.a.smiahle siij'er- 
vision. No TOstriclion alu.uld I-c jilnce-l njion the KnLuncor in tlio innue iinto 
rcjd.'.cemcnt of worn-out purls and in the execution of cs-ontial reiiairs. Un- 
fortunately pomo riih'S fraim*d at a time when tlie use of moclianica! tools was 
not contemjdatfld, apjic/u' to be oxecs lively rcHirictive in this rcsjicct. 
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DISCUSSION ON PAPEKS Nos. 4 AND 3. 


Chairman : In the first place, I should like to tluink the writers of 
two papers for their extremely interesting, able and well written p.ip,.- 
Personally, I have no experience of roads of this kind, and I liave rc-j 
both these papers with much interest. I can hardly believe that fe 
authors attained the results ihey claim to have attained and 1 only !i;-t 
that what they tell us is true. (Laughter). There is one point’ tS 
struck me particularly — one on which both lay emphasis, — and thul is, fl.- 
say that the whole success or failure of the system dei)encls cntirrij fj 
good organization. Yet it is suggested that supervision of a less high orb: 
is necessary than is the case when con^jt meting roads cjf a more penuanc!;; 
nature. I can hardly think that this is the cn‘-c. It seems to uio tiuiii 
this expensive machinery is to be kept m full commis.sion and made lU 
utmost use of, one would want a statT wiih gieat iniiifilivc and foresisL’. 
In fact, you want men of a better quality than ar<‘ rctpiirod for the uid:- 
tenance and construction of metalled roads. I hope that in rephin'’ ihc 
writers will refer to this point more fully, heeause, it is criticism tlift! 
have heard made by other people as well’ Tliere is out; oilier jioint I ivc'jJ 
like to mention and it is this. As fai as 1 eaii set', the whole of the 
is done by departmental labour, and it is not i>ossibh: therefore for fc' 
engineer to pass any of his responsibility on to tla; eontrae'or, as we caticj 
in regard to our road work. Here, if thing-- go nrong, to a certain exirt 
we can hold the contractor responsible. In the ease 'of the.se cnith iwk 
this does not seem possible. 


Ay. p. Alaparlane: Mr. Chainnaii imd gentlemen. Mr. Brc-bner L* 
]us • le etrcd to tho fact that wlien jn-adei-s !,r,> emploved. n higher cla'scf 

there is n lot in what he snvs. ft.? 

^flCl61S m ttlO x'Unifln in4 l•rkr1llyk/■k^l .. ir t!_ 


and'DcrsuacSrffnl^m I”' /'i*' Jimugur.it.-d this svstcui of CTad.r.' 

thati^recen?^il^l^^^^^ t ^ ^ 

Stubbs has been awn - . very mueli into disuse, and ik- 

others that these gra 
Punjab Comnuinicnti 
set apart from the gu„ 

disuse is the difficulfy of -rettinl snam'^T^'f Engmcor.s for tW 

regard to any form of mechanical wo k my own experience wtli 

big scale, the question of snare mst ' -n* unless it is done on a rea-ij 
question. If a District Bon^rl is renlly n diffieiik 

in the whole of the district and iMl 

take a long time to gS the snar. action, then it 

to the original methods I think -u”'] result is. iluii. they 
thing with any form of meElsr 

efficient organization and a ^onfl i i a realiv pood fs" 

ly„ ve.r, V wor4uS°S “"■"t »rV 

the transhipment of steel work rmo Nohala Bridge, the whole o* 

Jniles away was done by the I. A. S. 0. ■ 
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■who very hiudly undertook this, work for us nnd the thing worked marvel- 
lously. I veineinbcr one day passing a ^lerfectly good four-wlreel drive lorry 
with nothing in. it. I asked the driver where he was going, and he replied 
that lie was going to Kolinln, because they bad had a wire the prcvdoiis 
night from there to say that one of their lomes had broken a back axle and 
he was taking down a new one. Kow, if you have a perfect organization 
like that, all is well, othenvise if anythmg goes wrong, the lon-y or in this 
case tlie gi-ader is merel}- left by the mad side and the staff reverts to the 
ordinary hand labour, (Applause). 

Chairman : I suggest, gentlemen, that we should adjourn now and 
continue this discussion to-morrow morning at 10 o’clock. 

The Conference tlieii adjourned till 10 A.xr. on Wednesday, the l'2th 
December 1934. 
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Tbirfl day, Wednesday, December 12tb, 1934. 

The Congress re-assembled afe 10 a.m., iilr. B. F. Taylor, (Chief 
Engineer, Assam) in Ihe Chair. 

1 


DISCUSSION OF PAFEBS Nos. 3 AND 4— (conM.). 

Ohairman: Gentlemen, yesterday afternoon we left oil during the dis- 
cussion of papers 3 and 4. We n-ili now proceed further to hoar anything 
that anybody else would Hire to say with regard to those two papers, 

Mr. S. G. Stubbs: Mr. Macfarlane mentioned yesterday that perhaps 
I would be able to say somethbg about road gi'ading in the Punjab. Well, 
it is about five years feince I have had anything to do with it, so my Itnow- 
ledge about details is rather hazy. I think it will meet the case if I read 
out two paragraphs of a paper'- on Earth Hoads 1 wrote nearly five years 
ago. j 

‘‘As early as 1921, the Conimuniealions Board of the Punjab realized 
tbe very great importance of unmetalled roads and had been impressing 
upon District Boards that earth roads arc of definite economic value and 
can be kept in excellent condition if the soil is suitable and proper attention 
is devoted to them. With tliis object in view demonstration 
earth roads wore constructed by manual labour in 20 districts. 
These roods were already in existence, so the work really consisted 
of improvement. This consisted of restoring the camber by G to 8 
inches of earth filling, watering and rolling, repairing existing culverts 
and pravidiug new ones where necessary. To give the experiment a fair 
tnal, tiie Coimnunications Boavcl entirely financed the cost of improvement 
and subsequent cost of maintenance for one year. In all except three 
coses, all these roads were in excellent condition after a year Though 
these resplfs were very satisfactory, this method proved 'comparotivelv 
expensive, improvement costing about Es. 1,500 a mile and subsequent 
maintenance costing about Bs. 200 a mile. Therefore activities in this 
direction were somewhat restricted until the introduction of trnolors and 
gi-aders, when suifioiently successful results had been attained to predict 
with some measure of certainty that the use of rond-grndin«>^ plant would 

F'oWem, .and furlherr owing to tbe 

reduction of cost of maintenance we could look forward to seem-r pro«n'ess ’ 
^ rapid rate, miiin the space of two vearsJ^ Sv 

2,400 miles of earth road will have been improved, and if Ihis'pro'n-ess can 
be maintained it IS not difiicult to visualize the extent of the benefits which 
^ very short time.” Mr. Mitchell saw some of tl^se 

tlm Z S l™® 

"Now another important point is about the mnintenanee of plant. To 
ensure that plant was properly handled, the supervising and operating staff 
of District Boards were properly trained before assuming control and to 
safeguard District Board s interests the suppliere of now machinery were 
expected to run the plant for six months with Iheir own staff, the District 
Boards paying actual running expenses, and if the plant proved satisfactoiy 


* Paper Ko. 137 read at the Punjab EnginccrUig Congress, 



99 


Diatvicb Boards were 6;vper>.ted to purchaso it. rroni the point of view of 
the suppliers these conditions appeared somewhat drastic and were by no 
means popular. But it Avas felt that unless District Engineers and their 
staff were properly trained and an adequate supply of spares maintained, 
the machinery would soon be out of commission. Also during the pro- 
bationary period of six months the District Engineers and supervising staff 
M'ere trained to opei'ate the plant with their own liands. A daily lo<>- was 
maintained for each outfit showing fuel consumption, other stores,*’ and 
amount of work done. This enabled the Engineer Officer on the Com- 
munications Board to keep in close touch with the performance of each 
machine. In addition frequent inspections were made by Assistant 
•Engineers and the Mechanical officers of the Communicalions Board, as 
well as by the Engineers and mechanicians of the suppliers. By these 
means those in local control Avere kept up 1o the mark and serious break- 
doAvns were reduced to a minimum.” The Assistant Engineers were 
specially trained for the ]oh. I deputed tliree of them to spend a week in 
the Avorkshops of one of the suppliers to put a tractor together with their 
own hands,, and they AA-ere also trained to operate these machines AAUth their 
own hands. So they kueAv something about their joli, and that is hoAV we 
kept these machines going. I understand that since that control Avas 
reinoA-ed, things have died a natural death. 

Diican Bahadur N. N. Ayyanffar: Mr. Chairman and Gentlemen, we 
ought to be A'cry grateful to the nuthoi's of the i)apeis for introducing this 
imjjorlant subject. Wo haA'e already got the main communications 
deA'eloped in India, and the next gi’eat moA-o I’oquirod is the development 
of rural roads. The number of miles required for this purpose may be 
roughly calculated I think at not less than three million miles. You will 
see therefore that it is a colossal aa-ovIc which cannot ho undertaken except 
with the aid of modern road-making macliinory. The difficulty AA'hich arises 
in connection Avith this road-malring machinery lies in the organiKntion, as 
pointed out ,by various speakers preAiously. Village roads are in the charge 
of local bodies or village organizations like Pnnchaycls, Unions, etc. So 
these people are not in a position to employ an establishment competent to 
deal Avith mechanical appliances. At the same time there are firms in the 
important cities Avho deal in this machinery hut aaTio are not in close touch 
with these various local bodies in rural areas, and so difficulties arise at 

boil] ends ihrougli this non-contact. As a result we hnA^e instances of 

failure as described by Mr. Mncfarlnuc. T do not think th.nt the use of 
these machines could have been made in more favourable circumstances 
than those described by Ylr. Stubbs, yet even there they have not been 

successful, I think one remedy would be this. We liavo got those firms 

in the Presidency Toaatis and wo haA'o got a large number of graduates 
trained in mecbanicnl and electrical and civil c-ngiiieoring in our own 
Colleges Avho have got no jobs and no capital. So Avhat T would suggest is 
that the firms dealing in this machinery should encourage these people and 
help them to form private companies on business linos and giA'O them 
maebinerj’, the cost of AA'hich might be recoA'-cred in small instalments on 
the hire purchase system. If ibis is done I think we aa'iII create a neAv 
agency for furthering the use of these machmes, whose living will depend 
upon maintaining these machines in efficient condition. There are 
thousands of miles of village roads to bn made and maintained and such 
intermediate agencies aa'ouIcI be beneficial to suppliers and rural bodies 
alike. I therefore suggest this may bo considered by the firms and various 
bodies concerned. 
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The next point on vhkh I n-isli to speak is as to the composition of the 
material for making these earth roads. In this connection a number of 
points have been referred to in tins paper. I agree unth most of them, but 
disagi-ee with a few. I entirely agree wdth what Colonel IVakely says at 
the end of para. 7 of his papers that “in any road scheme it is a question 
of rendering the greatest service to tEe greatest number of people at be 
least- cost, and it is suggested that it is more important for the^ good of the 
country generallj’ to develop these subsidiaiy feeder roads in a ^ pioper 
manner than to spend large sums on ambitious and luxui'ious main ^^d 
schemes”. Then in para. 10 Colonel Wakeh’ says, ‘ On a wide road.^ traffic 
distributes itself and uses the whole Avidth and the evil of tracking^ is 
larffeli' eliminated.” I doubt that A’ery much, because, whatever the width 
of the road, there is a tendency for bullock carts or motor-vehicles to 
follow just the centre of the road. In Southern India you always find miles 
and miles of wheel tracldng fomied on macadam roads, and I do not think 
it differs much in Northern India. 

Then in para. 23 he says, “For instance, a road soil that is 95 per cent, 
sand will not cohere, and a clay that does not possess the property of 
cohesion is useless as a road material and will do nothing but make dust”. 
1^'ell, I do agi'ee with that, but I do not think that a material which does 
not possess cohesive properties can be called clay at all. It must come 
under sand. Then in para. 26 the best proportions are said to be, saud 70 
to 35 per cent; silt 10 to 20 per cent; clay 5 to 10 per cent. There are 
various kinds of soil, and of which there aa’e two extremes. One is the 
typical black cotton soil of the Bombay Presidency, Madras and Central 
India. Tliis becomes very slushy in the rains but remains very finn in the 
dry season. At the other extreme you have the extremely sandy soil of the 
Indo-Gangetic plain and Sind and the deltaic areas of the Madras Presi- 
dency and parts of Xorthem Gujerat. This remains bard when wet 
in the rainy season but in the dry season it pow'ders because it has a very 
small clay content. Therefore the problem is to get an intennediate com- 
Ijosition of the correct consistency. What is that proportion ? I haA'e seen 
certain places in Mysore and examined the soils and gravels which make 
very good roads, and in those cases the proportion is one-third clay and two- 
thirds sand or pebble or shingle material. If these two are mixed in that 
proportion I think it makes the all-weather road required for our purpose, 
that is, a good cheap earth road. The problem really is to get that propor- 
tion in every place because it A’aries from place to place. Xow in the same 
para. Colonel Wakely says, “It will usually be sufficient to consider silt 
and clay together without separating them/’ I do not agree with that 
at all, because silt does not bind, and if there is an excess of silt you will 
eithei have a quagmire or a mass of dust. In order to get the correct pro- 
poi-tion which is, roughly, tw^o of sand and one of clay, I employ a certain 
method Avhich I will now describe to you. To ascertain the sand and sUt 
content of any sample of soil roughly, put, say 10 cigarette tinfuls info a 
bucket of water and after stirring it thoroughly with the water, pour off 
the muddy liquid. After three or four such washings what is left will be the 
sand and silt content of the soil. Now measure the residue with the same 
tin. Suppose it measm'es 6 tins; the percentage of gravel is 60 per cent. 
Now I use the formula: 100-1-.5G, for getting the percentage of gravel 
OT Sana to be idded to get the correct proportion (G, is the percentage of 
gntty_ matenal m the soil). In the above case the quantity of gritty 
material to be added is therefore 100— 1-6G=100— 1-5 x60=10 per cent. 
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?7here the clay content of the soil is less than 33J per cent, and clav ' 
has to be added to get the correct mixture the same formula would be used 
but expressed as I'oG — 100 for convenience. 

Then in para. 27, in connection with reconditioning an old road and 
ns to the depth of treatment to be given, it is said “Normally S inches’ 
should be aimed at.” I think that is very sound depth to have. 

■Mr. J. M. Fetters \ I shall say a few words relating to the maintenance 
•of roads in India. The earth roads of India will be largely built by district 
and local' boards who on. account ot their limited resources can neither 
afford to purchase big plant nor to pay tho high cost of supervising. 1 
think the question -was raised j'esterday that it was rather difficult to use 
' tractors and gmders without highly trained personnel. In a bia country 
like India, district and local boards are widely separ.ated from each other 
and the solution of this question is not for the district and local boards to 
hire the higblj’- trained personnel, maintained by the manufacturers and 
dealers, who will be able to undertake the mechanical repairs and do the 
supervising; but this function ought to be performed by the agents. If we 
leave this to the district and local boards and the small owner who can own 
probably only one oi' tu'o machines, then they cannot afford to spend the 
money to maintain them. This work could be easily done by the dealers 
And agents maintaining a highly trained engineering staff. We are all of 
■us trying to train our people. They must be trained on the actual 
machines. That is going to take some time. 1 think praolically every 
■dealer and manufacturer is maintaining adequate stocks in India and also 
engaging highly trained staff of engineers who will be available for hire. A 
word about the selection of plant. It cannot be said that a grading plant 
•consists of a particular number of machines. Actually, each road problem 
has got to be tackled on its own merits. Every problem should be studied 
•carefully before the plant is purchased. A plant which might work satis- 
factorily in the Punjab might be a failure in Mysore and vice versa. Each 
particular installation should be examined carefully by a person avIio has 
knowledge of gi-adiiig, stabilisation and so on before the plant is purchased. 
Many of our failures in India are due to the fact that graders and tractors 
have been looked upon as the be all and end all of earth roads. It is a 
question of the training of the personnel and the selection of plant and the 
use of that plant after it is purchased, which makes earth road building 
successful. There are other machines besides tractors and graders, for the 
making of earth roads. We have scrapers, plainers, patrols, maintenance 
machines of various desci’iptions and machines of A'arying size to suit each 
particular requirement and the thing that I want to say and which is 
extremely important is ‘Be careful about the selection of plant’. 

Mr. D. Daniel: We are gi’ently indebted to Lt.-Col. Wnlrely and Mr. 
Breadon for their A'ery useful and practical jjapers on the subject of earth 
roads. We have a few grader outfits in the Madras Presidency. The cost 
•of making one mile u’orked out from Es. 200 to Es. 320 and the subsequent 
maintenance Es. 50. This was more or less tho same as the cost with 
nianpal labour. On good soils the outturn may be ■ a little more. 
Lieutenant-Colonel Wakely has estimated the efficiency ratio for gi'ader 
■work to be 1’56 to twice that by manual labour. jMr. Breadon in para, fa 
of his paper has stated that the cost of making an earth road can be 
reduced from Es. 1,500 to Es. 60. Probably no allowance for depreciation 
or interest is made. In any case I should think tin’s great disparity re- 
■quires some more investigation. As regards soilsj Mr. Breadon says there 
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is hardly a soil which is wholly unsuilabls for an earth road. \Ve have in 
the Madras Presidency problem of black cotton soil in some districts. I 
believe similar is the case in some other provinces also. It is very difficult 
to make an earth road in such soil, wliich is peculiar silty clay. When wet 
it becomes waxy and rolls up on the wheels and no vehicular or even animal 
traffic is possible in wet weather. Ko amount of sanding can improve it as 
the soil never mixes up with the sand oven for years. I have brought 
samples of soils here and if iMr. Breadon cores to examine them, he might 
see and explain how best to improve them, "We generally improve such 
soil by gravelling it, which to some extent waterproofs it. Such a road is 
found to be better than a mere mud road in a locality which has a rainfall 
of 50 or GO inches as compared with onh' 15 or 20 in the Punjab. 

Looking at the diagram before reading Mr. Breadon's notes, I wonder 
what is to happen to the daily traffic. The tirst throe units completely 
obstruct the traffic. The last one with the (i roller.'! completes the blockade. 
Even it the first three units can be made to work far apart, the lost one has 
necessarily to occupy the full width. Hcuce the statement in paragraph 6 
that there is efficiency with no disturbance to traffic requires, I think, some 
more amplification. 


In fig (2) of Colonel Wakely’s paper, the right method of malting an 
earth road is shown with an embankment of 3 feet or 4 feet in order to 
avoid saturation. With due defei‘once to Colonel Wakcly, for whom I have 
come to have a personal regai-d after this recent tour, I should like to 
state that our experience in the ^Madras Presidency is somewhat different. 
"U e have nearly 50 to GO inches of rainfall on one coast and about 100 to 
150 On the other. We have therefore endless (roubles on many roads with 
high embankments. The edges get eroded whenever it rains and some- 
times to a dangerous extent.^ The first one or two coats of metalling sink, 
unless soling is laid, which is eosdy. Bonds niado on low cmbanlonents, 
or level W'ith the ground, having two good side drains and cross drains at 
intervals are found to work more satisfactorily than roads on high em> 
banlonents. The^ roads are raised onlj" at places where water is expected 
to collect. In this w'ay I have reduced the cost of formation in one district 
from Es. 1, /GO per mile to Es. 460 a mile. T find also sucli roads easier 
and less costly to maintain in subsequent years. I also find that the Eoyal 
Engineers who were responsible for the construction of trunk roads in that 
presidency have adopted the same principle. Hence I think that in pro- 
vmces with heavy rainfall the disadvantages of t.aking roads on hioh em- 
bankments far outweigh any advantages claimed. ° 

• maintenance by modern machinery 

m the Madras Presidency, I should say it is somewhat limited. In tlio 

SrS roads including many miles of provincial roads 

aie sa Id to be unmetalled. In Madras, it is just the reverse owina fo the 
faiily heavy rainfall and availability of metal in manv parts. The earth 
roads are therefore for the most part minor village roads which are generally 
nanou and run between wet fields or channels. The few main earth roads 
in deltaic hacks have largo gi-own up avenue trees verv close to the mar<»ins 
precluding the use of graders. There is also a suspicion lurkin- ‘the 

'‘it’^oduction of this mLhinerv for earth roads 
IS 1 kely to create unemployment among the rural population. I thmik tS 
authors of the papers once again and particulS Lieutenant-C^nel 
M akel,> for his able and complete treatment of the'subiect I olcir, fnVe 
ta opportunity „1 thanldng hta f„, the extremely Swe menSeJIn 
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■which ho sho^A•ed us all the works ho had done illustrating oA'erything in & 
clear manner at a A-ery great sacrifice of time .and enei’gj'. 

Chairman : Unfortunately Colonel Wakely has had to leave and he 
■v\-ill not therefore be here to reply ,in person to the criticisms and sugges- 
tions made on his paper. They aa-iII hoAA-CA'ev appear in the proceedings. 

I should like to express my personal thanlcs and the thanks of the dele- 
gates from Assam to Colonel W’akeiy for his most interesting papers and 
in particular for the perfectly fascinating tour he gave us in the North- 
West Prontier Piovince. (Hear, hear). 

Before 1 ask j\lr. Breaclou to reply to the discussion on his paper, 
perhaps you Avill allow me to say a word or t\A'o about the use of road 
machines in Assam. -W o in Assam elaiui to be ji'oneers in this method 
of treating kucha roads as Ave call them. We have been doing it for many 
years and the first road machine A\hich I think ever came to India Avas 
purchased bj myself. It Avas a scU-projieilcd contration. The machine 
,was large and poAveriul and it dcin-onslruted quite definitely and at once 
that such treatment of earth roads would bu practically revolutionary. 
It also shoAved straight away that it Avas totally unsuited to our conditions. 
Nearly all our roads are on cmbaukiuents Avith A'cry narrow crests, inter- 
rupted OA'cry mile or Iavo by timber or bamboo bridges and oAer the 
major riA’ers by ferries. We must therefore luiA'e machines that aao can 
get across those bridges and ferries. e find that the self-propelled 
A'ehiclu is useless and aa’c haA’e concentrated on tractors. We made very 
oxtensiA'o trials Avith various kmds of tractors. It is ob^vious of cour&e 
that it is more economical and handier m the long run to have the AA’fio e 
fleet of one make. We tried Bates, Pordsons, Cletracs and several other 
mak'os. We have now got an entire fleet of caterpillar 25 which we have 
found so far the best suited to our requirements. I regret to say that 

we have up till now been unable to get a British tractor of the type 

we AA-ant. ^ Between ourselves, I think this is perfectly dis^-ace- 

ful. When I was at home last year. I was asked by a ^ 

England to sec a machine Ai-hich they were developing for agricultiua 
pirpoS at home. It seemed admirably suited to our requirements. It 
was a Diesel engine and of about .>0 horse poAA'or and Avas too large and 
ti heavv Wc^A^Lt something about 25 h. p. The attract on of this 
tS^clot to me was its typo of track which had no track pins and no tmdo 
nin bushes which are the bane of our existence m Assam. The tiack 
has hard rubber lock joints and it is claimed that those can be changed 
ill half an hour Avithout removing the track from the machine. I undei- 
d that VuSi a track has not yet been properly Ir ed out, but some- 
lhinf» of that nature is clearly what we are on the look-out for m Assam 
i thiroueVtion 7track-piu\nd track-pin bushes > a very acute one^ 
The conditions under which we Avork in Assam are in no way compniable 
£ wS “ tho Punjab. Our machines have as a rule to work m 

mud or very damp road soils. ^ 

In re^^ard to Avlinfc we terra a road unit, I notice that in 

dia^£=at the ^ £?hlr^ 

w ^’l^’rtorl-ed AvKh one and make that tractor pull not only a planer, 
have AAOi keel aaiui ai 


o 

WO USO 
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America, I imderstand, where they use these road-machines very exten- 
sively, they never use rollers. It .is no good our scraping up the soil of 
a road if it is going to have a shower of rain in two or three hours after- 
wards and become a morass; therefore we have to consolidate the loosened 
soil at once. Our trouble was to get a roller made in such a way that 
it would take the camber of the road. Mr. Breadon has produced a triple- 
roller, it is merely three ordinary ballast rollers mounted in a s^:eel frame 
and hung in spring axle boxes which pei-mit them to follow the camber 
and unevennesses of the surface. If it is of any interest to any of the 
States or Provinces here represented, I will be very glad if they will write 
to us and we will let them have plans of the arrangements. It is an 
excellent machine and one of its attractions is that it does not have to be 
reversed but can be yoked from either end. At a difficult river crossing, 
the rollers can be taken over individually. 


Now with regard to costs, I may say at once that we are very ashamed 
that we in Assam have not produced a paper. But our conditions are so 
peculiar to ourselves that we were veiry diffident about it and doubted if 
it would have been ol much interest to the rest ot India ; climatic condi- 
tions in Assam may be similar to parts of Madras or Eastern Bengal but 
they are not comparable with those in the Punjab or N.-W. P. Province 
•or this part of the world. But with regard to costs, we have kept very 
elaborate retmiis of all the movements of our machines. It is however 


very difficult to arrive at a figure for the cost maintenance per mile. 
There are no two miles the same. In many cases our road train has to 
jiroceed several miles before it gets to work at all. You may have one 
mile of road which only needs one trip over it or you may come up against 
a mile of road which takes a macliine a whole day to treat. There is 
therefore a great difference between the cost of the mile treated and 
the cost of the mile travelled. We have, however, devised a new return 
from the 1st of last April in which we hope to produce the cost of a mile 
"treated, and therefore by the end of this year we ought to be in a position 
to give you quite definite figures as to the cost of a mile treated. I thinh 
W was Mr. Brebner,^ yesterday, who east doubts on the cost of their use 
in matters of supervision. Our difficulty lay in getting proper drivers and 
we are very much indebted to the caterpillar people for all the help and 
instructions they gave. After we had overcome to some extent the question 
-of drivers and crews, we found that the treatment of roads by these 
machines does reduce supervision costs. Bv these machines we arc able 
to treat longer sections and thereby to reduce the number of sectional 
officers and this overhead charge is one of very considerable importance. 
To my mind there is no doubt whatever that the use of these machines 
on roads not only reduces the cost of maintenance but also the cost of 
supervision. Whth regard to another of Mr. Brebner's points that you 
. Jminate any chance of pushing any responsibility on to the contractors, 

fn ^0*5? is,. “ 

contactors but they reaUv ore labour catobers. There can be no' 

■of pushing any responsibility on to them. One tbiTur T ^ .<.• 

a dmer on the Tractor you bave one® K anybody unuM 
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figures of. cost and will write to ua in Shillong, we will be only too "lad to 
let him have copies of them or any other information. Again I express 
our regret that we have not produced a paper. I will now ask Mr. Breadon 
tc» reply to his paper. (Loud Applause.) 

Mr. G. W. D. Breadon (the Author of Paper No. 3): As regards the cost 
of grading I can say that the figures quoted by me in mv paper are quite 
correct. They were taken from cost sheets- I might add that from 
April to the end of November .1934 the average cost is Es. 57 per mile 
of road for' (development and Es. 35/8 per mile for maintenance. 

The rate mentioned in the paper for constructing, or to be more accu- 
rate, for reforming old roads, does not include jungle cutting, removing 
roots, of trees and the like, but merely the cost of gi-ader work. 

2. The reasons why road gi-ading has not advanced in the Punjab, in 
my opinion, are : — 


(a) The lack of push by the Communications Board. 3dr. Stubbs- 

was the only Secretary of that Board, who took a live interest 
in the work and w'ho used his influence in getting district 
boards to resort to grading. 

(b) The disinclination of most district boards to depart from the- 

contract system of working. I do not w'ish to give the 
reasons. 

(c) The obstructive, and I should say, the destructive tactics of 

Board Secretaries. 

(d) The inexperience of many district Engineers. 

3. It is quite true that difficulty and delay in obtaining sijare parts 
have had a lot to do with the dislocation of work. I myself experienced 
much annoyance and I have proposed a remedy in paragraph 19 o-f my 
paper. Eormerly Volkarts did maintain a large spare parts department m 
Lahore, but they mcuiTed very heavy losses and had to transfer all their 
stuff to Bombay. When more Boards take up grading I feel ct^rtain that 
business firms will provide good service. 

4. The chief difficulty that a district engineer has to contend with is 
referred to in the concluding portion of paragi’aph 22. In the absence of 
suitable accounts rules, a troublesome secretary can occasion more annoy- 
ance and delay in the repairing of machinery and the settlement of 
accounts than thd delay in obtaining spare parts. When the official 
Chairman is an experienced Deputy Commissioner things go smoothly in 
a District Board — ^not otherwise. 

5. Grading is a w^ork that must be done depart-mentally, the gi’ading 
staff working directly under the orders of the district Engineer. It is a 
work that no contractor can do. 

6. I can express no views on the soils of Madras, nor can I suggest- 
any special method of grading roads in that Province. 
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PAPEES NOS. 2, 5(o), 5(6) AND 6. 

Mr. D. Macfarlane, Chief Engineer, P. W. D., Punjab, in the Chair. 

Chairman : Gentlemen, I think that I'lie best arrangement for dealing 
-wath these four papers is that •which "we foUo'W’^ed with regard to the last 
two, that ,is to say that as these four papers all deal more or less with the 
same subject, we will ask their authors Mr. Hunter, Mr. Stubbs and 
Mr. Adanii to introduce their papers; kir. Trevor-Jones is not here, but 
Mr. Stubbs will say what he has to say about this paper also, after which 
we will have a general discussion. So I now call on Mi*. Hunter to 
introduce his paper if he has any remarks to make. 

The following paper was then submitted for discussion : — 
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{Paper No. i^.) 

The teend of development in the United Pkovinces in the matteh of 

IMPROVING liOAD SUIIFACES AVITH SPECIAL REFERENCE TO RECENT EXPERI- 
MENTS. 

By C. F. Hunter, M. Inst. O.E., A.M.l.E, {India) Executive Engineer, 

United Provinces. 

Ueforo about) 1025 little was doue in the United Provinces in the matter 
■of treating road surfaces, either vdlh a view to rendering them compara- 
tively dustless or to increasing their resistance to wear. About that time 
liowever tho Local Government found that under increasing traffic, roads 
were deteriorating and the cost of maintenance rapidly going up. ilost 
of highways in the United Provinces arc very old and the foundation, 
judged by modern standards, inadequate, il inches of large sized Itanhar 
IS, in many cases, all that has been employed. Up to about 30 years ago 
the traffic consisted almost solely of slowly moving bullock carts and the 
light El-ha. ^loncy was fairly plentiful and a 4-J inch renewal coat of 
hanhar metal was applied to a mile of road os soon ns the surface began 
•to show signs of deterioration. The result of this was a gradual building 
up of the road crust so that 32 to 35 inches of metal was n^t uncommonly 
measured. This was sufficient for nil requirements up to that time but 
with the advent of the motor oar, conditions changed. The soft calcareous 
knnknr which is the only material available generally in this part of 
India, is ill suited to resist, the wear caused by the passage of fast motor 
x'ehielos and tho lives of miles began to shorten to an alarming extent. 

2. It was contended that if the roads wore reconstructed, so as to have 
.an adequate foundation, they would be bctlor able to resist the traffic 
.and so in the long run cost less to maintain. With this idea in view, 
Bchemcs wore prejiared for digging up the existing roads entirely and 
reconstructing them with massive foundations. This was actually done in 
a few places hut it was soon realized that the complete renewal of all 
•the old metal was only so much money thrown away and that there mu»t 
•he a certain minimum thickness of crust that would be c.iihcient foundation 
in itself to support an improved typo of wearing .surface. Mr. Annette, 
the Ptond Engineer of the Bombay Impi-ovomcnt Trust, who had many 
years of experience on bituminous roads both in England and in India, 
expressed the opinion that 0 inches of .an old stone or hanhar road was 
•ample foundation on wliich to place a bituminous wearing surface. Fur- 
ther, there was no absolnlc proof that lack of foundation was the cause 
of the break up of the heavy trafficked miles. It may have been due 
simply to the inability of water hound macadam to stand up to bullock 
cart traffic plus an increasing proportion of fast motor tr.affic. This theoiy 
was Buppoi’ted by the fact flint many of the miles that showed^ signs of 
Tepidly breaking up nctimllv had n crust on them of more than 32 inches. 

.3, In the extensive scheme of road construction carried out in this 
province lietwccn 302.') and 10.31 the existing crust was made use of ns far ns 
possible, being thiekonod. whore necessary, before the bituminous surface 
wa.s applied. A .9 regards tlie bitumen to ho employed Government had 
little previous experience ns the work that had been done up to that time 
•was almost nogliglble, Tliei'e was apparently little to choose between the 
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Eesidual aad the Natural asphalts. Large quaatities of Tnmdad Asphalt 
had been used satisfactorily by the Bombay Improvement Tanist but against 
this “Spramex” and “IMexphalt'’ were well known m England. In 
America, too, it was understood that the quantity of petroleum asphalt 
used was many times that of the natural asphalt. In the matter of the 
actual treatment, Government wei’e no better off. For this reason tne re. 
construction programme from 1925 onwards included Premixed^ Asphaltic 
concrete ; Premixed Asphaltic Macadam ; Grout, and surface painting. 

4. Here, perhaps a word should be said about tar. As far back as 
1924, a portion ot one of the most important thoroughfares iu Lucknow 
(The klall) Avas tarred over hanhar. It was again tarred in 1925, 1927. 
1929 and 1933. The road is very wide (30 to 50 feet) and the traffic 
is light, for bullock carts are not allowed. The census shows 86 tons per 
footVidth per 24 hours, mostly motor cars. Under these conditions and 
with stone grit employed on the suidace, the road has been easily ma'n- 
tained in excellent condition. Unfortunately, under heavy cart traffic 
ill other places, a similar surface has failed to last and has required; 
constant attention in order to keep it in good order. It must be lemem- 
bered that at that lime the necessity for a regular application of tar m. 
order to keep the surface from becoming dead was not understood. It is- 
further probable that the tar available ivas not of the quality and as- 
suitnble as that available today. Bitumen, where it had been tried had 
not exhibited anything like the same tendency (o break up nor did it 
require the same constant attention. The result was that' tar was consi- 
dered to be inferior for surface painting work. 

5. To retmm to the Bitumen for a while. Some of the earliest work 
was done with natural asphalt but unfortunately it soon appeared that 
this bad an unfortunate shortcoming. 1 refer to the manner in which, 
ic softens under heat and the excellent lubi leant that it then forms 
between the particles of aggregate. In asphaltic concrete woik the surface 
gradually became exceedingly lumpy so that passing over it at any speed- 
was most uncomfortable. In Grouted work, for the same reason, it worked 
up mto ruts where it was subject to lieaA-y concentrated bullock cart 
traffic. It was at first thought that this last defect was due to seme 
weakness of the sub-grade but on cutting a section out of a defective road, 
it was at once apparent that the trouble was the actual displacement of 
the asphaltic concrete crust. The same defects showed in painted surfaces, 
in the hot weather. They bled badly for the first year or two and lequired. 
constant gritting which led to the formation of "a lumpy surface. The 
comparative freedom of the residual bitumens from this trouble gradually 
led to natural asphalt failing into disfavour thus leaving the fonuer n”s 
the most fa^mured preparations. Indeed, so well have they behaved on 
the whole that it will be found that the majority of our engineer officers 
prefer to Avork with either “Spramex” or “Soccony Aspiialtum” ^or 
surface painting. 


6. Qroutmg work with petroleum bitumen has in some places shoAA-n 

but there are some vei’y successful miles 
existence including that on a narrow bridge on the 
Grand Trunk Hoad and carrying the traffic in and out of Delhi. A m-eater 
test you could not wish for but the^ defect did not appear. Apart from- 
this, however, the satisfactory behaAnour of the painted surface costint' a 
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auatt-er of Es. 1-4 to Es 1-8 per square yard compared with gi'out at 
Ks. 3-4 led to the' adoi>tion of surface treatment with the residual bitu- 
mens in practically all cases where the expense of concrete was not 
warranted. Emulsions of these materials have been tried but they have 
not been found to be economical as thej' do not give the same wear. 

7. After the reconstruction iwogramme referred to above had been 
practically completed and some experience had been gained as to the pro- 
bable cost of maintenance of the various surfaces, the Chief Engineer of the 
United Provinces was able to review the economics of the treatments. He 
•calculated for various surfaces the annual sum that would be required to pay 
. olf a loan equal to the cost of the wearing coat in equal instalments over a 
period of year’s equal to the life of ihe wearing coat at 6 per cent, interest 
and added to it the cost of petty repairs. This gave a basis for comparison 
-and enabled the minimum econotnio life for any form of treatment to be 
cor /elided with the life of the original water bound macadam. The table 
at ihe end of this paper (Appendix 1) gives the resnh of his investigations 
and the following vue the conclusions that he was able to draw fi'om 
t)hom 

(«) Cc)UC7it concrete. — 3-J miles on which the calculations were 
based were originally water bound stone requiring 19’ 456 annas per sq, yd. 
for renewal on the average once in 5 years and an annual expenditure on 
ordinary maintenance of 0‘907 annas per sq. yd. This gave a total annual 
cost of 5'491 annas per sq. 3 ’d., therefore to be economic, the life of con 
Crete costing 92’832 annas and assuming annual maintenance of O’ 136 
.annas per sq. yd., if wholly reiiewod, would have to lie over 40 j’cnrs. 
The life of the macadam replaced by concrolc was actually nothing like 
0 years. In some cases it was one .year and at the outside throe years 
-or on llie average 2 years. The fact that these miles were not renewed 
.for 5 years means that the road was passable for 2 years and impassable 
for 3 years and it was for this very reason that concrete was ti’ied. A 
j'efei’cncc to the statement will sliow that for a two year life and three 
ye.'’.r life of a water bound road, the economic life of eonerote is twelve 
and oighlocn years rcsjiectivoly. Such a Icngih of life is well within tlie 
bounds of possibility', as some concrete on the Katbgodam Nainital road 
has already been down fifteen years. 

A point to lie remembered in tliis annly.sis is that it is based on the 
assumption tliat the whole of the concrete would have to bo renewed at 
tlie end of twelve or eighteon years, but in all ijrobnbility this would not 
.bo the case, and it would only bo necessary' to lay a 3 inch coat or- some 
other form of surfacing, in wliich case the required or economic life could 
bo considerably less. In tho absence of sufficient data, however, it is pre- 
ferable to assume that, the whole thickness will linve to be renewed. Tlie 
-conclusion is that for a watorhound road, the annual maintenance cost 
•of which is over 6 annus per sq. j'd., it is more ceonomioul to use cement 
concrete. 

(b) Premix . — Tho calculation was based on G miles for which wo ecti- 
mated that we should require average renewal at 16‘892 annas per sq. yd. 
once in 4 years and y'eavly maintenance at- O’ofiS nnnns per sq. yd., giving 
annual cost of 5’, 322 anna's per sq. yd. To ho eoonomicnl, promix costing 
'78 713 annas per sq, yd, would have to have a very long life. Even for 
a three year life of water bound, tho life of premix, assuming a reseal every 
•si years at 4 ’145 annas and yearly maintenance at O’ 113 annas per sq. yd. 

. n 
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would have to be 21 years to be economic. Por a two year ot ^ 
bound, it would have to be 12 years. It is out o£ question to put the life 
of premix at 21 years without renewal whilst if the life of n ater bound 
macadam is only 2 years, it is doubtful whether premix would stand the 
traffic and it would be preferable to lay concrete at slightly higher cost. 


(c) Groiit T R. A. and McxphaU.—The calculations were based on 
12 miles of T. B. A. and 18 of Mexphali. The estimated cost of renewal 
was 15-477 and 14-979 annas per square yard once in 5 years with annual 
maintenance at 0-721 and -764 annas per sq. yd. respectively. The awaal 
cost worked out to 4-296 and 4-224 annas per sq. yard respectively. To be 
economic the life of gi-out T. E. A. and Mexphalt costing 52*128 and 
45-582 annas per sq. yard for renewal and '140 and *166 annas per sq. yard 
for maintenance resjtectively, would have to be excessive, but if the life 
of water bound is taken ns four or three years the corresponding economic 
life would have to be as follows : — 



Resonl every four j-enr.s. . 

Ro'onl overj* tlirso j'oars, 

Water Bound. 

T. R. A. 

J 1 

j M^'xphalt, * 

T, R. A. 

i 

Sroxplialt. 

4 

24 

1 

20 

2D 

24 

3 

15 

13 

1C 

14 


From the above table it will bo seen that the longer the period between 
repaints, the shorter the necc<!‘.iiry economic life. It is very doubtful 
whether grout will last over 2U years and it remains to be seen if it 
lasts 16 years, and if it does, it mar be worlrnble substitute for macadam 
costing for maintenance between six and eight annas per sq. yd. 


(d) Paint . — Calculations were worked out on (i) 8 miles which bad 
received a second coal of jiaint and fii) H miles of painted road between 
Agra and Llainpuri. In the former case the cost of resurfacing, yearly- 
maintenance and average life was estimated at 17-928 annas per sq. yd.; 
0 831 annas and 0 yeai-s. This resulted in an annual co.st of 4-3C3 
annas per square yard. The actual cost of water bound macadoni 
vork^ljjut to 20-523, first coat of paint to 8-595 and the second coat 
10 4^ /85 annas per sq. yd. Here again the question of the period of 
repaint has to be taken into consideration: the actual average worked cut 
lor the period between 1st and 2nd coals came to 21 vears, but there 
were many instances where the paint lias been down 3 years without 
?. second coat, thm-efore it seemed safe to fix the period between 1st 
and 2nd coats as 2 years and between 2nd and 3rd or subsequent coats 
as 3 years, m which case the economic life would have to be somewhere 
between 14 and 17 years, whilst if thp period between ■ Ist and Sad- 
subsequent coats of pamt was taken .<,? .3 vears the economic life would 
have to be somewhere between 15 and IS years, compared with 0 year 
life of water bound. A point to note however wa.s tlie cost of water bound 
resurfacing winch had gone from 17-928 to 20-55.3, and if the latter fifrurc 
was taken m calculating the annual cost of w.ater hound then a 14-3 ear 
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life of the painted mile would liave been definitely economical, and 
tLei-e was no reason why painted miles under moderate to light traffic 
should not last this period. In the second case oUr estimate of require- 
juents allows 14'32l for renewals 0*747 for petty repairs and an average 
life 4 years. The actual cost of resurfacing worked out to 16'524, first 
coat paint to 7*729 and second coat to 4'162 annas per square yard;, 
and allowing a period of 2 years between the first and second coats and 
3 years between second and subsequent coats, the economic life could’ 
be as low as 11 years. 

Summing up the results ns far as information was available at that 
time, it appeared that: — 

(а) When the life of a water bound road was only two or three 

years and the annual mniuteiinnce over 8 annas per sq. yd. 
it was economical to lay concrete. 

(б) When the life of n water bound road was three to four years 

and the annual charge between C to 8 annas per sq. yd. it 
might be economical to lay bitumen grout. 

(c) When the life of a water bound road was 5 to 6 years and the 
annual cost between 4 and 0 nnnas per sq. yard it would, 
he economical to paint the miles. 

8. During the period that I have rofeiTod to above we hud no reliable 
returns of traffic to enable us to form a correct estimate of the load per 
foot v/idlh that surfaces were being called upon to carry and there is no- 
doubt that in some cases they were called upon to stand more than they 
were capable of. 

Since 1032 we have been taking a regular census at ill important 
lioints on our communications and it bus been 2iossible to gam some idea 
as to what a painted surface executed with the good niiiterials is capable 
.of standing. We have a few miles standing 150 tons of bullock carts 
per foot of width per 24 hours. Other traffic is neglected as not appre- 
ciable effecting tlie wear. The miles in question arc mostly "Sprninex” 
either alone or in conjunction with otlier materials. The above figures 
ore. no doubt exceptional. From my personal experience I should fix 
80 tons per foot width per 24 hours as the limit that can safe!} be earned 
by this form of surface, particularly where bullock carls fitted witli narrow 
iron lyres are employed. It- has been calenlnlcd that the load under the 
narrow iron tyres of a bullock cart loaded with bricks may be as inucJi 
as 8 tons per linear inch and this combined with tlio twisting action nn 
the wheels, due to the manner in which these carts iirogreas, gives a set 
of conditions that it is very hard for a road surface to stnnrl iqj to for 
any length of time. In tlii,s connection it must be I’cmnrlred that when 
loaded hiillook carls use one side of the road only as in passins from 
brick kilns to a town, this fact must be allowed for in calculating the 
intensity. 

It is difficult to soG^how the gradual development of hritlloness in tar 
is to be combated. It has been stated that in Amcricn the use of iar is 
dying out for this very reason. It lins been suggested that provided the 
tar is kept from contact with the nir, the jirooess should not. take ]dace 
and that an application of bitnmcn over a tarred surface should have the 
etfect of sealing it in such a manner ns to make it impossible. It is 
certainly true that in certain places where bitumen has been npi^lied over 
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lar, as two coat wrk, in the past, defects that might be atti-ibutable to 
tbe hardening of the tar have not developed and the rpads iiave stood 
remarkably well. This, however, is not conclusive for subsequent work, 
<*arried out to the same specification— Experiment (li) (i)— has not shown 
the same degree of success. 

9. With the assistance of the Governmeait of India the following 
experimental work with tar has been carried out in the Lucknow^ and 
Cawnpore divisions, with the object of again trj’ing tar, cither by itself 
or in combination with bitumen, and of comparing its behaviour with that 
of work carried cut in the latter material only. In Lucknow various 
ureinixed caiqiets have been tried under probably the worst conditions 
that are to be found in the vicinity, for the road eaivies intense brick 
kiln trafiic. This, according to our irallic census is about 144 tons per foot 
width of travelling surface per 24 liours but ns the road is 10 feet wide 
nearly all the loaded carts use one side only. If they all did this the 
figure of the intensity would "ise to about 220 tons per foot. It was 
realized, befc'o the work was started that (he traffic was probably too 
heavy for any thing but couerjte an.-l the representatives of the Burma 
Shell* Co. did mt lik-^ the idea af putting their material down under such 
destructive con litions. It was bought, however, that as a test of relative 
durability, tlie Evpe.vimtnt shoi d be of considerable value. 

The following is u deseniJtiou of the various u.vperiments ; — 

(a) inch pit mixed macadam carpets loith both good slouc and good 
kankar as an aggregate and icith both k'o. 1 and .Yo. S Shnl'niar Tat. In 
small lenylhs a )iUcr of per cent, of coni dust was also added, — All this 
work was liuil to a b]ieciricaliuu that had been used in the Punjab but none 
of it was a siictebS. Tlio surface began to disintegrate practically ns soon 
tta the work was finished. Indeed iu the case of work done with !^'o. 1 and 
thinner lur, the disintegration was so rapid that no attempt was made 
+o seal the surface or to save it jn any way. It was dug up and water 
bound put do-Au in its ]'laee. It may bo mentioned that it was not 
<ibberved that the presenee of the coal dust filler made the slightest 
dift‘ev'=‘nce. The specification to which this was carried out included the 
la.ving of the premixed material on the loose reenmbered surface of the 
old road and al=o the use of copious w.ater during consolidation. It is 
believed that both these provisions mitigate the chance of a properly 
consolidated carpet being obtained. In the first place mud and fine 
materia] work up from the bottom and soil the tarred surfaces of Iho 
aggregate in such a manner as to prevent proper cohesion. In the 
second, the use of water appears to have a detrimental effect upon the 
tar. The former conclusion is supported hv the fact that in a short lenffth 
where the old surfr.ee vas consolidated by mistake tlie result appeared 
to be better; the latter is supported by the fact, that, on digging up a 
defective portion of the carpet subsequently, the isubgrade showed 
distinct traces of what appeared to be oil. 

(li) .4 2^ inch carpet of stone mixed with No, 2 tar to a specification 
supplied by tho ShaVniar Company. — The stone used in this case "was 
'2 inch Gneiss in the under coat and J inch to 4^. inches of the same 
material in the top coat. It may be mentioned that this variety of stone 
was used in all the subsequent experiments. Tlie tar was No. 2 Shalimnr, 
2‘J lbs. being used per cubic foot of the coarse material and 3 lbs. in the 
case of fine. After mixing, which was done in n simple form of rotai^ 
iiand mixer, the material was matured in bulk for 10 days though tho 
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company subsequently (and too lata) asked that it be laid hoi. Aflei 
maturing it was laid and rolled in the usual manner. The original instruc- 
tions as to sealing this were that it should be done after two months 
but sigiis. of the surface becoming loose became apparent and, at the 
euggestion of the Executive Engineer, the seal was applied after 3 
weeks only. This seal was formed by applying -23 gallons of Ko. 2 tar 
per square yard and gi'itting with f cubic foot of J inch to 5/8 inch 
chips. After sealing, the surface appeared to harden satisfactorily but 
at the time of uTiting ^5 months after completion) signs of hreakinc- up 
are appearing and it is doubtful whether the road will last anotliei° six 
months. 

(c) A inch Sbelmacadam carpet to the specification of the Burma 
Shell Co. — ^Here the under coat was of 1|- to 2 inch metal. The bitumen 
mixture was composed of 2 drums of “shelmac” to 4 of “lilexphalt” 
and the material was laid hot straight from the machine mixer, 10 lbs. 
of bitumen being used to coat 3‘7o cubic feet of ballast. The seal coat 
was laid immediately § inch to i inch chips being emploj’ed with 12 lbs. 
of bitumen mixture to each 3‘75 cubic feet of stone. The composition 
of the mixture was the same as above. The behaviour of the carpet 
showed that the Company’s misgivings were well founded for signs of 
disintegration appeared six weeks after the work was completed and 
at the present time the process is complete. 

(d) A 3 inch carpet of "shelcrete'’ to the specification of the Burma 
Shell Co. — ^In this treatment no seal was employed but an effort was 
made to obtain as compact a mass as possible by filling the voids of the 
large aggregate with coarse sand which was obtained from Badausa. 
Two cubic feet of coarse aggregate were used to one of fine, and with 
each batch of 3 cubic feet was mixed 16 to 16 lbs. of a bitumen mixture 
composed of 1 drum of "shelmac” and two drums of “Mexpiialt” (20/30 
penetration). A machine mixer was emplo 3 ’^ed and as advised b^' the firm, 
the coarse aggregate was coated first mth a portion of the bitumen after 
which the fine aggregate a,ud the balance of the bitumen were added. 
The mixture was laid direct from the mixer as before and after completion 
the surface presented a very compact appearance. At the present time 
there are no signs of disintegration though the work has been down t 
months. 

(c) li inches of "Shelsheet” to the specification of the Burma Shell 
Company. — ^Tliis specification was put forward by the company as a 
substitute for cheap kankar surface and not as being capable of stand- 
ing very heavy traffic. It was accordingly not tried next to the surface 
previously mentioned but where the road was subject to nompnratively 
light traffic and beyond the limit of the brick kilns. The situation is 
representative of hundreds of miles of main roads to he found in the 
United Provinces. The actual intensity of traffic is only 40 tons per 
foot width of travelling surface and such as a tar painted surface would 
easily stand. 

The process aims at obtaining the most compact mixture of aggre- 
gates possible in tliis case, using the most economical materials avail- 
able, the following material was recommended and employed; — 

inch to i inch stone chips 2 cubic feet. 

Badausa sand previously mentioned .... 1 cubic feet. 

Fine micaceous sand from the local river (the Q'uinti) 1 ,i 



114 


•With this ^Yas used 20 lbs. of bitinncii mixlnre (2 to J. 

••Shehiiac") the same precautions being tahen as in llic e.-isc ol the 
•'Shelcrote" to ensure that all the nggivgnte ivas properly coated, llie 
iraterial was laid hot, tlie old Icanhar surface bnvnig been gi\en a 
tacldiuT coat of Fuel Oil and residut.l bitumen tiie dtiy b. lore, ihe 
length^Iaid ^vas only about 100 feet ns the monsoon set m and stopped 
further ivorlr. Tlio small amount of worlc done has probably raised fue 
cost somewhat. The surface is standing e.XL-ellcntly. At the limo oi 
■writing it has been down about four months, 

Tlic cost of these carpets is given in Appendix II. 

10, In t'awnpore the o-vparinieiits were eoiilincd to surhico painting 
■either with tar aluiie or in coiubinatiou with liituiiu'ii. In one of (lie iniles 
one half was treniad with Inr lo a spcciiicatiDii that had heon used in the 
Punjab and the other half to a spccinealioii that had heon I'ccoinmciided 
from Pc.sli.iwar. In a sfcoiid nnlc coinbinatioiis of tar and hitiiinen were 
tried, botli in separate coats and togethc-r in cnc coat. A third nnk was 
tarred using a filler of coal dust in various proportions in tlie second coat, 
jis this combination is Known to have been ii.scd .siiccessfiilly in France. 
Further, with a view to trying a cheap gritting inalcrial, cinders were 
used in some lengths ao as to be able to compare with those gritted with the 
more usual stone chips. In each oa.«t* the siir/iice u'as fir.sl rcneived by 
scarifying, recambering and spreading a thin coat of new nietnl, 12,000 e.ft. 
was used for a mile of 12 foot road and 10,000 for a mile of 15 foot. This 
is a form of clionp retiewnl tliat lias been advocated by the Punjab, 

11. The following is a description of the experiments in some detail;— 

(/) Painiing io Lahnif and Pcidiatrar sprci/icnf/oaR.— The Lahore 

specification for tarring allow !, onlv one fifth of a gallon ]ier sq. yard of 
Tar No. 2 in the initial coat whilst ilio Peshawar allows tlirce-temlis of 
Tar No. 1. It was found ditiiciih to use the smaller quantity. As has 
been the experience in oilier jiarts of this province, the quantity of mntorial 
that you use depends on tlie ••leaning. Where a friable nialorinl 
has been used for blinding in the water bound coat, the operation of clean- 
ing removes the same to a considerable depth below tlie surface of the 
metal and you cannot get on less than about one quarter of n gallon per 
sq. yard. In this case it was found to be impossible to get on less than 
0‘2() gallon. Ti'oublc wn.s .also experienced owing to the blinding material 
used having been kanUar bairi. It has been found elsewhere that the very 
fine dust resulting from the pulverizing of that material gives rise to trouble, 
not only at the lime of pouring but -also after the work has been finisbed. 
It pi’cvenls the proper adhesion of the tar to the stone. At one place in 
the Province whore both knnkar bajri and Delhi moorum were used in 
adjacent work the difference m behaviour was very marked. 

The Executive Engineer in charge of tlie work also recommended that 
an interval of about an hour should ho allowed (o elapse between the pour- 
ing of the tar and the subsequent gritting as ho was of the opinion that 
ibis would allow penetration of the former into the road and also bring 
about a general evening up of tlie thickness of the coat. Tlie Ti'affic which 
this work has to stajid is light, being only .37 tons per foot of widtli per 
24 lioum. 

Both the experiments have worn satisfactorily hut the condition of the 
surface indicates that a second coat of tar is now due (nhoiil 0 nionths 
■after the first). This is now being given. The larger quantity of No. 1 
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tar used in the Peshawar specification certainly appears to give "ood 
penetration for an examination showed that this had occurred to a depth of 
i- inch below the original deptli to which the surface had been cleaned. 
It does not, however, make such a good wearing surface. It remains to be 
■seen how the two expei-iments Ijehave after the application of the second 
coat. 

{g) A mixture of 16 per cent. Mcxplialt of Q0j30 penctrathn ' end So 
per ‘Cent, of No. 1 Tar. — The application calls for no special comment. 
-0’33 gallons of the n-ixtui’e were used per sq. yard and 0‘3 of a cubic foot 
-of chips. 

The mixing of the IMexphalt gave body to the Tar and the surface is 
wearing well though at the present time (about 9 months after completion) 
it is in need of a second coat. The mixture appeared to give a better wear- 
hig surface than was obtained by the application of a similar quantity of 
iar No. 1 only as desciibcd in exptrunent \J). It appears, therefore, that 
.a suitable combination would be Tar No. 1 in the first coat on account of 
its suijerior penetrating qualities and the above mixture in the second, on 
account of the suj^erior wearing surface that it ajipears to give. 

(1i) All application of Bitumen crecr a coat of Tar . — The application of 
two separate coats m this manner lasted very well m Bareilly. Three 
different combinations wei'e tried : — 

(f) 0‘5 gallon 'of “Spramex’" over 0'3 gallon of No. 1 Tar, the 
application being made after 24 hours. This was the Bareilly 
specification I'eferred to above. 

(jV) 0‘25 gallon of “Spramex” over 0‘2 gallon of tar with an interval 
of 10 days under traffic. 

(iii) '0‘2 gallon of “Slielmac” over O’ 3 gallon of No. 1 Tar with a 
10 days interval. 

Each of the above operations consisted in the application of two 
separate coats in each coat the same quantity of grit was used i.e., 0’3 
cubic foot per sq. yard. 

Two months after completion it was noted that in all three cases the 
surface cracked, apparently due to the material on the surface having 
hardened whilst the layer of tar underneath was still soft. There was also 
n tendency for patches to come clean off taking part of the stone coat with 
them. The defects were less noticeable in (in where not only was less 
material used but an interval allowed to elapse between the application of 
the two coats. In (Hi) the defects were very marked indeed. It seems 
certain that if work of this kind is to be done at all the tar coal must be 
allowed to harden to, a desirable degree before the bitumen coat is applied 
though a smooth surface to the bottom inyor should be avoided. 

The road is 10 feet wide and carries a traffic of 115 tons per foot width 
per 24 hours. 

At the present tim^ the surface of Nos. (i) and (ii) is much better than 
one was led to expect irom its early behaviour as it has hardened iqj and 
is expected to last for another year or so. No. {in), in which the 
“Slielmac” was used, is breaking up. The Executive Engineer in charge 
is of opinion, however, that the treatment would be a success if a couple 
of months were alloived to elapse between the applications so as to avoid 
the presence of a hard bitumen surface on a comparatively soft underlaj’er 
of tar. 
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(/; Tn-n coats of Tar, the jiisl hnun of lai onJij mid the ircmuJ of tar 
with a filler of coal (hist in rariniis jnapoilious . — A i-jnowfd rwid 

■\vas operated on as Ix'forc but in thi« cas' it "’as opened to tratlic for six 
months before being treated in order to allow tlio metal to rtabilise. TJic 
first coat of No. 1 Tar was at fhe rate of U-il!) gallon i)er mj. yard with 
Cr*2 c.ft. of grit. This was allowed to remain tinder tranic for about a year 
when thft second coat eontaining tie* filler ••‘as applied. .I'he s .nu' tar 
was used, tlie amount of lllK’r varying from 10 to ijf) j>er cent. Turther, 
in some cases cinders were used lor giiltiiig iu'^ti'ad ol stojio cliip'- ho 
coal diirtt was pc.ssi-d through a It' by 10 mesh screen nuil mixed with the 
tar in the boiler. A porn'r dineii mechanieid mi.xer was emj)!i*ycd and 
it was observed th.d the coal duM tetuled to ‘.ettle unless confiuindly 
agitated. 

The road on which this was tried was close to that of oxi'erinieji; //), the 
Iraflic being the same, i.r., .‘>7 tons p>.r foot width of travelling stirface. 

At the present time tin- woik ha*, been down about six months and it is 
not possible to deteet any diiToivnce bi'twccn tiie portion in whieii stone 
chijis were used for gutting and that in wbieh emd>*is n>-re used, t'indeis 
at Jis. ;■) per Inmdred eiilnc h'oi appear to be staiitlmg a.s well as siojio 
chi])s at Jis 30. The u-i* of eoal ■lust eiuises a disiniel imltruVetiicnt in 
the adla-siveness and viseosity of the lar. It was found to hold more 
grit than the neat material. 

The cost of these trcatinonts is gh' u m Apjiemlix 111. 

12. From Iho results of (h"^e experinunts it would upp-’ar th.d a.s far 
as carpets are concern<><l ami for sheer 'dnlily to stand up to inteu'-ive cart 
tratlic the most durable materi.d <»l thos^. tried is '‘Shelert I*-”. Next 
in order come the “Shalimar' tar carpet, ■’.‘'lulmiieadan;”; and rmally 
ordinary preinixed innc.adani luul to the Punjab spLcifieation. Wheihor 
carpels will ever be developed which will comiiare economically with 
concrete under bullock cart trafiie lemnins to he seen. 3t c<-rtainly 
appear.^ that the most cou.p.ict will be the most durable and the cost of 
the aggregate will then be mueh the same ns if a cement matrix was 
employed. The difference m cost will be small. It remnins to be s> on 
wind ratio the lives will bear to one .mother. 

Tor surface woik it is a little early to draw conclusions but Nc. 1 Tr.r 
appeava to be indicated m the initial coat on nccouid of its snp-rior 
penetrating properties. A second coat of 8."i per cent, of lar No. 1 and In 
pev cent, of ‘‘Jlcxphalt” would appear to make a go.id combination. In 
any case the first coat should he allowed ample linie U> harden. On the 
question of the use of coal dust ns « filler and of cinders as a giitting 
material it is n little early to express an opinion, rinally it must be 
remembered that some ot this experimental work lias imi been Ihiougb 
extreme heat and cold combined with traffic. This is one of the frontest 
tests that can he applied to surfaces of the nature of those with which this 
note deals 



Appendix I. 

Lives of various types of improved surface equivalent to those of water bound macadam. 
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Appendix II. 

Detail of cost. 


(Carpets.) 


Carpels. 

j Cost pf 

I materia! 
in niinas 

1 

sq. yd. 

1 Cost of 

1 laying in 
aimns per 
sq. y<l. 

Mi.’OjlIn- 
neons 
charges 
in aiuins 
per 

sq. yd. 

[ 

Total cost 
])or 

sq. yd. 

Remarks. 

i 

■[a) I. — 1 J' water bound stone 
’prcmixcd with tar 
Xo. 1 . . 

IM 

5-2 

2-4 

Rs. n. p. 

1 2 9 


II. — li‘ water bound 

stone promised until 
tar Xo. 1 and with 
filler . . 

11-5 

:,-2 

2*4 

1 3 2 


m. — li* water bound 
stono premised with 
tar No. II 

ll-'3 

5*3 

2-4 

1 S 0 


IV. — 1 J* water _ bound 
kankar preniix with 
tar No. 1 

11*4 

C'O 

1-8 

I 3 3 


V. — 1^' water bound kon- 
kar prcmis ■with far 
No. 1 and with filler 

11*7 


1*7 

1 3 0 


VI. — 14' water bound 
kanlmr premis with 
tar No. II 

11-7 

o-S 

1-S 

1 3 4 


(&) VII. — 24' prcmis carpet 
to Shalimar specifi- 
cation . 

IG-C 

7-1 


1 14 10 


-(c) VIII.— 4' Sliell macadam 

30-7 



1 

e ao c 


■(d) IX. — 3' Sliolcroto . 

38-0 


.. 

2 14 3 


(c) X.— liS' Sholslicct . 

13-0 

G-I 

•• 

3 2 0 

1 
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Appendix III. 
Co5ts. 

(Surface Treatment.) 


IBxperiment. 

Nature of Experiment. 

Cost per yard. 


Lahore specifications of Tar Painting only 1st coat with 
Tnr No. 2 at -20 gallons per sq. yard was given in 
March 1034 . 

Rs. a. p. 

0 5 3-56 

(f) 

Peshawar Specification of Tar painting only lat coat with 
Tar No. 1 at 0 • 31 gallons per sq. yard has been given 
in March 1934 ....... 

0 5 6.C 

(0) 

Painting with a mixture of Tar No. 1 and Mexphnlt in the 
ratio of Sa and 1 5 at 0 • 33 gallon per sq. yard . 

0 5 6 

ih) 

1st coat of Tor No. 1 at 0-32 per sq. yard 2nd coat Spra- 
mex at O' 5 gallons per sq. yard (Bareilly Specifica- 
tion) .......*. 

1 0 4-0 

.(h) 

Ist coat of Tar No. 1 at 0*2 gallons 2nd coat spramex at 

0 • 26 gallon per isq. yard ..... 

0 9 4 

<J>) 

1st Coat Tar No. 2 at 0*2 gallons per sq. yard 

0 8 10 

<i) 

2nd coat Sholmac at 0*2 gallons per sq. yard. 

Ist coat tar No. II at 0-29 gallon per sq. yd. and stone 
chips . ....... 

0 4 10-04 

(0 

Second coat with Tar No. I and II mixed with various 
proportions of coni dust and blinded with grit and 
cindei-s as detailed below : — 

Tar No. II with 10 per cent. Coal Dust and cinders 

0 2 10-67 

(0 

Tar No. II with 10 per cent, coal dust and stone chips . 

0 4 4-5 

(*•) 

Tar No. 1 with 20 per cent, coal dust and cinders . 

0 3, 8-07 

O') 

Tar No. 1 with 20 per cent, coal dust and stone chips . 

0 4 1-90 

O') 

Tar No. 1 with 26 per cent, coal dust and cinders . 

0 2 9-24 

O') 

Tor No. 1 with 25 per cent, cool dust and stone chips . 

0 4 3-07 

(»■) 

Tar No. 1 with 35 per cent, coni dust and cinders . 

0 2 8-21 

0) 

Tor No. 1 with 33 per cent, coal dust and stone chips 

0 4 2-04 
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Mr. C. F. Hunter {the Author): Jlr. Chairman and gentlemen: Paper 
Ino. 2 describes the general trend of development in the United Provinces- 
and it gives a description of some of our more recent experimental work. 
It appears to me that one cannot have greater assurance of the soundness 
of a particular line of action than to find that a similar one has been 
adopted elsewhere to meet similar conditions. Ifi on the other hand, 
it is found that a different line ol development has been followed, tuen 
much will probably be learnt by studying the reason for the difloreuco. I 
have, therefore, described ns simply as i^ossiblo the factors which have 
led us to adopt mainly surface painting for our roads and that with 
petroleum bitumen. Though most of us here this morning are engineers 
yet unfortunately we are also men and one of the attributes of the human 
race is a tendency to act rather like sheep. This is, 1 think, one of the 
things to guai-d against. It is so easy and natural at times to follow ft 
certain treatment or line of action because it is Imown to have given you 
satisfaction in another part of your own province with the result that we 
may be led to develop on our own lines whem there are others which are 
just as good, perhaps better. One of the main objects therefore in miting 
this paper .is to elicit tlie experience of enginoors in other parts of India 
where conditions may be similar to those with which we have to contend 
in the United Provinces. Before I conclude, there are two points winch 
I should like to make clear. As regards the c.arpets which you wll find 
dealt with in paragraph (1 of the paper, on my way here T came over that 
stretch of road and excluding the Shelslicet which is not laid under the 
same condition®', the only carpet which lias given satisfaction is the 
Shelci'ete. This was ptit down .some time in the liot w’enthor; so that ^ 
it has been down for about six months now under the heaviest traffic which ' 
we can find round Lucknow. Tho second point is that unfortunately it 
has not yet been used to any great extent and the costs that I have given 
are only those of short experimental lengths. They may serve to give- 
some idea as to tho relative cost for the different metliods of construction 
but it must not be taken that work in quantities would cost in the same 
proportion. I daresay you spend ns mucli ns 20 per cent le.'ss in long 
lengths. You nil Imow^ how much time is wasted in getting a move on 
in the initial stages. Our lengths were very short. In one case it was- 
one furlong and in the other case even half a furlong. 


The following papers were then submitted for discussion. 
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[Paper No. 5 (a).] 

Being a Paper* Contributed for the 1934 International Ko ad Congress. 

Progress maie in the use of tar and, bitumen in the Punjab since the last 
International Road Congress in Washington in October 1930. 

By 

S. Gr. Stubbs, p.B.E., I.S.E., Officiating Road Engineer •witb. tbe 
• Government of India. 

Maintenance of provincial metalled roads in the Punjab . — The area of the 
Pimjab is approximately one hundred thousand square miles and its popula- 
tion is 23J- millions. Apart from the needs of motor transport which arc great 
adequate facilities for the transportation of agricultural produce to markets 
by means of bullock carts are of still greater importance, as the prosperity of the 
province is dependent to a very large extent on the prosperity of the agricul- 
turist. The Punjab has long recognised this important fact and also fully 
realises that under the combined action of motor and bullock cart traffic plain 
water-bound is the most expensive type of surface to maintain and that there- 
fore the improvement of such surfaces to render them more suitable to the 
■present day traffic conditions is an economic necessity. 

2. A comprehensive programme has been framed with the object of surface 
painting or otherwise improving the entire milage of provincial metalled roads 
■within the next few years. There are some 3,830 miles of metalled roads in the 
province'of which 2,71 O ' are provincial (that is under the direct control of the 
local Government) and 1,140 miles are maintained by District Boards. In 
addition to this, there are about 6,000 miles of earth roads in motorable condi- 
tion. This paper deals with the 2,710 miles of provincial metalled roads. Of 
this milage, 1,030 are still water-bound macadam, 1,600 surface painted, 70 
miles grouted with bitumen or a mixture of tar and pitch and 1 0 miles are of 
premix work, referred to later on. In many parts of the Punjab stone 
metal is very expensive ranging as high as Es. 40 per 100 c. ft., and a very 
significant feature of the grouted work is that in about 10 miles out of the 
70, the aggregate consisted of brick metal broken from hard burnt bricks, the 
results obtained being very satisfactory. Though grouting has on the whole 
proved very satisfactory the initial cost, even using brick ballast as aggregate, 
was far too high to permit of improvement of road surfaces in this way 
to any great • extent. A very much cheaper method had to be devised, 
and up to the present time the main treatment adopted for the improvement 
of water-bound surfaces was and is still surface painting with tar, and this has 
■produced surprisingly good results even under really hea'vy (for India) traffic 
conditions. 

3. Tarring of roads was first started in the Punjab about 1914 far more 
•with the object of reducing the dust nuisance than anything else, and it was 
mot until about ten years later that it began to be realised that the greatest 

*Note. — ^Tho papar has been somewhat curtailed and altered by the elimination of 
material not necessary for a body of Engineers in India. 
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benefit derived from tarring was tbe reduction of maintenance costs. It xvas. 
found even on roads carrying very hea'x’y trafiic that once a road TVas tarred,' 
the underlying me'tal appeared to last indefinitely. The follo'vriug fe'w examples- 
appear to justify this conclusion. 


Name of road. 

Date of reno- 
iral. 

Dato of first 
tarring. 

Present condition. 

1. Mall, Lahore — 




Part 1 . • . • 

Part H . a a . 

19]5-16'> 
.. 191G-17j 

Shortly after- 
wards. 

Paint coat applied annu- 
ally. No sign of raotal 
wearing. 

2. G.T. Road Miles 313-314 

. . 1913-14 

1916-17 

Do. ... 

3. Maj’O Road 

1925 

1925 

Do, 

4. McLeod Road 

1925 

1925 

Do. 


Note. — Roads No.s. 3 and 4 cam' exceedingly heavy bullock cart traffic in .addition' 
to heavj' motor traffic and both load to tho Lahore Railway Station. 

4. Though it "was fully rocoguised even as early ns 1924 th.at tarring done- 
on an extensive scale •would result in a large saving on the maintenance of' 
metalled roads, tarring could only he carried out to a very limited extent on 
accoimt of the lack of funds. This was due to the fact that the general prac- 
tice was to renew with 4i inches or tienrly inches of metal and to apply a 
coat of tar every year after the initial application liad been made. Thus, if 
the average number of miles to be renewed every year were not reduced, and 
this was impossible without lowering the standard of the surface, the milage 
of new tarring that could be undertaken annually became less and less unless- 
bigger road grants were forthcoming and as this was most unlikely the very 
item of work, namely tarring, that was so ncec,s3ary in order to reduce the 
maintenance exi)enditure on metalled roads could only be carried out on a 
ver)- modest sca'e. In the year 1927-28 there were only 73 miles improved' 
water-boimd surface (including tar painting) out of a total of 2,150 miles and it 
happened that at that time there was a very large increase in motor traffic 
with the result that the surfaces of metalled roads were being torn to pieces. It 
therefore seemed clear that unhss the cost of renewals could be considerablv 
reduced in order to permit of more extensive tarring, metalled roads avould 
soon become impassable. Extensive experiments wore carried out from about 
1926 to 1930 and as the result of these it was definitely established that, if 
tarring was to be done, the amount of the new metal used in the past for renew- 
al was excessive and that the quantity required for a mile 12 feet wide could 
be reduced from 24,000 c. ft. to a figure between 6,000 c. ft. to 12,000 c, ft. This- 
meant that the cost of renewals could be reduced by 50 to 75 per cent. As a 
result of the introduction of a very mucli cheaper method of renewals called 
“ Cheap renewals’*' ” and the consequent large sna-ings that accrued, the- 
milage of the improved water-hound surface in the province was increased 
from 73 in 1927-28 to 1,407 in 1932-33 not only without any addition to the- 
total expenditure, but during the last two financial years, there was actually 
a drop in expenditure. If funds at the rate of about Es. 1 ,500 a mile per annum 
continue to he provided, it is expected that in 1936-37 the enthe water-bounds 

* “ Indian Boads ”, March 1933, page 3 and Appendix I, page 10. 
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metalled milage of provincial roads will be improved and that the cost of main- 
tenance will then drop to TJs. l.OflO per mile per annum (see Appendix I), This- 
figure of Rs. 1,096 per mile per annum is based on the assumption that a coat 
of tar will be applied every year. Even though tarring conserves the metal and 
thereby reduces the maintenance costs to a very large extent, nevertheless the 
subsequent annual coats of tar involve a heavy recurring expenditure. To 
what extent such expenditure can be reduced by making the coats biennial 
instead of annual has not been definitely detennined. It is found with the 
very high summer temperatures prevailing in the Punjab that tar deteriorates 
to a very ^eat extent by evaporation of the lighter oils and oxidisation than 
by the action of traffic. There is therefore a measure of risk in eking out a tar 
paint coat for more than a year, more e.specially if the traffic includes a large 
number of loaded bullock carts shod with iron t 3 Tes. Though the atmosphe- 
ric influence on bitumen is negligible in comparison with tar, it is found from 
experience in the Punjab that it is very liable to peel off if applied as a paint 
coat direct on metal, but very satisfactory’ re.sults have been obtained uith 
bitumen painting on a previously tarred surface pro\-ided that the latter is 
moderately fresh. Experience gained so far seem.s to point to the conclusion 
that if a suitable grade of bitumen were applied as a third or perhaps even as a 
second coat, it may not be necessary* to paint the road surfaces annually\ 
Hitherto the practice has been to apply* bitumen at the rate of 1,'5 to 1/6 of a 
gallon per sq. yard even for subsequent coats as against an application of 1/10 
of a gallon per square yard generally’ adopted in the case of tar. Thi.s would 
make bitumen painting about 70 to 80 per cent, more exj)en.'ive than tar paint- 
ing and tliis is probably* one of the reasons why* bittimen has not been used to 
any’ appreciable extent even for subsequent coats. 

5. It is understood that the tendency of modern practice in England is to 
apply bitumen even for hot npijlications as thin as possible a.s it considerably 
reduces the ])o.ssibility’ of the formation of corrugations, specially’ if the coating 
of hitumcii is covered with the maximum quantity* of chips that can be held in 
position. Experiments carried out by the writer about 18 months ago on about 
3 miles of road show that it is quite possible to spray hot ]»itimion (100 pene- 
tvalion) at the rate of 1/10 of a gallon per .square yard, and that this quantity 
of bitumen will quite effectively* hold in position 1/4 inch thickness of chippings. 
This means that it is possible to lay* a subsequent coat of bitumen at more or less 
the same cost ns a coat of tar. Therefore if wc can conlinuc to got a life of 
about 18 months with .such an applicalion of bitumen, it follows that the co.st 
of maintenance will be reduced to about Es. 850 a mile per annum. The ex- 
tensive experiments with surface applications of bitumen show that, even 
when the bitumen (100 penetration) is applied in the liot weather, there is an 
immediate and a very great drop in temperatui’C as soon ns the bitumen touches 
the road, and as at this reduced temperature bitumen has a limited covering 
and pcneti'atiiig capacity neither the surface of the road nor the surface of the 
chippings is completely covered, ns the bitumen at a comparatively low tem- 
perature is unable to penetrate into the tiny crevices and irregularities. In 
other words the "■wetting power ” of 100 penetration bitumen even at sun 
temperatures during the summer is very much less than a material like tar. 
Therefore adhesion is not as great. Besides this 100 penetration bitumen- 
softens considerably* at high temperatures and therefore the chips are not held 
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sufficiently firmly in position and crushing takes place not only of the chips 
themselves hut of the underlying metalled surface. This results in the forma- 
tion of very fine particles vhich is still more difficult to " wet ” and therefore 
the surfacing becomes too dry and is very likely to disintegrate. It there- 
fore seems clear that we require a surfacing material that has not only consi- 
derable " wetting power ” but it must also have the capacity of hardening up 
soon after the chips are completely absorbed and of remaining hard even at 
sun temperatures during the summer months. Tar possesses these properties 
in a very marked degree, but unfortunately and as already stated tar is consi- 
derably influenced by the atmosphere and eventually becomes too brittle unless 
<jovered with fresh applications. 

6. In order to ascertain the most suitable material for subsequent appli- 
cations, experiments have been and arc being tarried out with {«) cut backs 
and (6) tar bitumen mixes. In both cases a hard grade of bitumen (20-30 
penetration) is being used and for (6) a tar complying with B. S. S. Xo. 1 Tests 
carried out seem to point to the conclusion that the quantity of bitumen in tar 
bitumen mixes should not exceed 30 per cent, and that the most satisfactory 
mixes are obtained by using a low viscosity tar and a hard grade bitumen. In 
the process of mixing, the tar and bitumen are heated separately, the bitumen 
being first heated to 350°F. to ensure thorough melting and then allowed to cool 
to 270'’F., and the tar to about 200''F.. so when the. two are mixed the resultant 
temperature is 2o0°F. At no stage should the temperature of the tar exceed 
250°F. ; it is therefore advisable to add bitumen to the tar gradually. 

7. A certain number of the Punjab engineer.? believe, and the suppliers 
of tar claim, that after a certain number of annual applications, say four or 
five, it will only be necessary to paint road surfaces once everj' other year. If 
this is so, so much the better, as tar is an indigenous product, it is therefore 
in the interests of the country that it should be used as far as possible provided 
there is no wasteful expenditure. However, whatever is used for subsequent 
coats, tar, bitumen or a mi.\'ture of the two, there is ample evidence to .show that 
eventually, say in three or four years, surface painting need not be done an- 
nually and the cost of painting roads with cither bitumen or a mixture of rar 
and bitumen will not be a great deal more than tliat of tar painting. Itw 
therefore not unreasonable to predict that the cost of maintenance of metalled 
roads in the Punjab maintained by the P. W. D. may come down to about B s, 750 
per mile per annum. 


Water-hound jiremin. 

8. Though the resirlts obtained with “ cheap renewals ” followed by surface 
applications of tar have been very satisfactory, it was felt that still better 
results could be obtained by incorporating a certain quantity of tar in the body 
of the surface, and as a result of continual experimenting with this object in 
view a specification called “ Water-boimd PremLx” has been devised and 
introduced. The name is derived from the fact that even though the atrftret^ate 
is coated with tar or bitumen, water is used during consolidation. Experience’ 
diuing the last 60 or 70 years has .shown that on roads carr\dng only bullock 
■cart traffic there is no better tjqie of low cost surface thau plain waW-bound 
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macadam, provided the metal has suffioiejit powers of resistance against crush- 
ing. The object of this specification is therefore to derive all the advantages of 
water-bound macadam which are couMderahle and a great many of prembc 
work and thus to p^o^^de for both bullock carts and motor traflSo at a mini- 
mum cost. The process broadly consists of lajing two layers of pre-coated 
aggregate, one consisting of 2 inches of prc-coated metal (from | inch to inch 
gauge) and coated with 2^- per cent, of binder ; and the second layer of 
about a | inch layer of gravel (1/16 inch to 3/4 inch gauge) coated with 3J 
per cent, of binder. The first layer is partially compacted before the second is 
applied and water is used freely in consolidation though to a lesser extent 
than in ordinary water-bound macadam. In most of the work done so far tar 
has been' used entirely for pre-coating the metal and the gravel. B’or more 
recent work bitumen is being used for pre-coating the fine aggregate, tar being 
used as before for the metal. Ten miles have recently been laid to this speci- 
fication and the results obtained so far are definitely superior to surface painted 
water-bound macadam. It was proposed to lay another thirty miles 
during the year 1933-34. Table II sets out particulars of cost of renewals carried 
out in the second Circle, Ambala, during the last financial year, where the bulk 
of new type of work has been carried out. These figures are based on metal 
costing Ks. 18 per 100 c. ft. ; with metal at Ks. 25 a 100 c. ft. the cost would be 
more or less the same as that of cheap renewals phis one coat of tar. Where 
the metal costs more than Bs. 25 a 100 c. ft. water-bound premix is definitely 
cheaper. . 

9. Thin Carpets . — Though mere surface painting has been and is continu- 
ing to fill the bill, the time wdll ceme when a much stronger surface will be 
required. Earnest endeax'ours are therefore being made to asceitain the most 
economical method of dealing with the situation when it arises. Besides tliis, 
if this jKoblem is solved, wo shall not only have a specification for the treatment 
of existing loads but we can considerably cheapen ne'n’ constniction, for ins- 
tance we could not only eficctivel}'’ deal with a brick on edge road which is so 
cheap to construct but we could also lay a protecting surface on a water-boimd 
road made of soft metal or even of brick ballast. If these hopes are fulfilled, 
we shall have indeed made a definite step towards solving the road problem not 
only in the Punjab but throughout the whole of India. 

10. With these objects in view experiments are being carried out with 
thin bituminous carpets on the lines set forth in siic’cification, vide Appendix 
III. At the outset the specification adopted was somewhat different from 
that now given in Appendix III, the main point of difference being that the 
aggregate consisted rouglily of a mixture of one part chips or river worn shingle 
of suitable grading and one part sand. Tho addition of sand was definitely 
bencficialnotonly on account of tho'groHtfer stability derived but there was 
less tendency for the aggregate to crush. As far as the results are concerned this 
early work was very satisfactory, Imt cu'ing to tho presence of sand a power 
driven mixer was absolutely essential. Besides this, more bitumen is required 
but that is a minor point. The administration of India is such that theie are 
literally scores of authorities in charge of roads who need to be convinced be- 
fore a new specification can be introduced. Therefore to begin with it will 
be necessary to do work on a small scale in a large number of localities. If a 

I 
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power driven mixer is a sim qva non very little headway can be made as it is 
most nnlikely that an adequate number of such mixers will be available for 
what is after all only experimental work. The later specification (Appendix 
III) hasbeen so framed that work can be carried out by means of a (home 
made) mixer operated by manual labour and only costing a few rupees. 

11, It is found by experience that, provided the gauge of the finest 
particles in the aggregate is not less than say, about 1/12 of an inch, there is no 
difficulty in mining by means of these home made contraptions. In the absence 
of sand a very great deal more care is required with the selection and grading of 
the aggregate. However this difficulty can be overcome far more easily then 
that of securing funds for a large number of power driven mixers. Moreover 
any deficiency in the matter of stability and tendency of the aggregate to 
crush under bullock cart traffic, can be made up by light applications of bitu- 
men emulsion and covering the same 'mth coarse sand. When premix work 
becomes more general, it may then be worth while purchasing a large 
number of these machanical mixers. It is therefore open to us to revert to 
the original specification with sand in the future. 

The cost of laying a IJ inch bituminous carpet on a road with metalling 
12' wide is broadly analysed as follows ; — 




Bound figures. 



Bs. 

1. Priming 

* * 

.. 250 

2. 8,000 0. it. aggregate at Bs. 18 per 100 o. it. 

« • 

1,450 

3. 16 tons binder at Bs. ISO a ton . . 

• • 

.. 2,400 

4. Labour 

* 

400 



4,500 

•5. Finishing coat of emulsion . . . . 

• • 

. . 1,500 



Bs. 6,000 
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APPENDIX I. 

Table I. 

Cogt of mainUnarux of metalled roa^ and swrface painted milage on roads maintained hy 

{he Public Works Department, Punjab. 


No. 

Year. 

• Total 
length 
metalled. 

Expendi- 
ture in 
lakhs. 

Rate 

per 

mile. 

Total 

length 

surface 

planted. 

Remarks. 

1 

1924-25 

1503-68 


1640 

18 

Width of metalling 
12 feet. 

2 

1925-26 . . 

1672-37 

30-04 

1796 

24 


.3 

1926-27 

18C3-30 

33-12 

1777 

50 


4 

1927-28 

2140-42 

35-50 

1651 

73 


6 

1928-29 . . 

2439-114 

39-83 

1633 

222 


'0‘ 

1929-30 

2612-934 

43-85 

1678 

369 


■sr • 

1930-31 . . 

2667-084 

45-82 

1718 

689 


« 

1931-32 .. 

2699 

41*04 

1521 

1065 


9 

1932-33 . . 

2707 

39*80 

1470 

1407 


10 

1936-37 

(forecast). 

2710 

29*70 

1096 

2710 

When the entire 
milage has been 
surface painted. 


Table II. 


Particulars of renewals carried out m the Second Circle of Superintendence in 1932-33 {width 

of metalling 12 feet). 





stone plain 
W.B.M. 
Cheap renew- 
als. 

W.B. 

promix. 

Eankar. 

Totals and 
Averages. 



MilcB 



155-72 

10*50 

97*0 

263*22 


- . 

• • 

2,404“ . 

4,565 

2,338 

2488 

'Cost 

*• 

■* 

3,74,351 

47,937 

2,26,787 

6,49.075 


"‘Escln^v* of tar painting vrhich cost Rs. 1 ,CQ0 for the €rst coat. 

i2 
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APPENDIX II. 

JHotei and specification for surface painting with Shalmar Itoad Tar on Water-Bound' 
Macadam hy 8. Q. Stubbs, O.B.E., I.S.E., Superintending Engineer, Second Circle, 
Amhala. 


PBEuaiiNARy Notes. 

Tar painting may be adrantagcously carried out on either an old surface in good, 
condition or a ncn* surface soon after it has boon consolidated and dried, but the tarring 
should never bo carried out unless the road is thoroughly dry. 

If there are any pot holes or ruts, treat surface in the manner described in paragraphs 
1 and n Lelou' about a month bcfoio tarring is comiuonccd. 

IT IS NOT ADVISABLE to give out first coat application on contract unless it is 
certain that the contractor is trustworthy from all points of view. Initial coats of tar arc- 
the foundation for all future applications and it is imperative that such a])plicntions should 
be thoroughly sound. 

I. — ^PoT Holes. 


(a) Over J inch in depth. — These should be made squorc or rectangular and OEcavated.' 
to a depth of 2 to 2^ inches, the bottom loosened and watered, filled with hard motal (li 
inch gauge) pic-ccatcd with tar and rammed. The surface of tho patches should then bo- 
coveicd about { inch thickness of pio-ccntcd gravel {J to J inch gauge) and again 
rammed. The quantitj* of tar needed is 3 per cent, by w eight of the aggregate. ^lixing can 
be carried out by moans of tho homo-made appliance, Plato No. 1. If 6 per cont. by weight* 
of fine kankar or limestone inch to J nich gouge) is added to tho mixture (tor and 
metal) patches arc considerably sticngtbened. In mixing, tor should bo heated to 2 oO®Fm 
hut the aggregate need not ho heated. Potches should bo consolidated with water and kept 
wet for a week ns in the case of water-bound patches. 


Tho approximate cost of tho patching described will bo Bs. 12 per hundred square foot 
or Ho. 0-9-0 per cubic foot of patch work done (includiikg cost of all material and labour). 


« 


(6) Under J inch in depth. — Same ns rut filling (n) and (b)t 


n. — R ut FrLLis'O. 


Buts can bo divided into classes 
(a) Ruts up to ^ inch deep. 

{b) Ruts from } to } inch deep. 

(c) Ruts above J and up to 2 inches deep. 

(a) Bvts vp to i inch deep. — ^Theso should bo painted with tar No. I or No. 2 at tho rate* 
of 5 sq. yards per gallon and covered with gravel J to | inch gauge at tho rate of 3 to* 
3 *5 c. ft. per Inmdred square feet, and well rolled or rammed and allowed to sot for three 
w*eek8 at least before tarring is done. If ruts are not completely filled in, or tarring has 
been done without rut filling, this operation can bo repeated or carried out before tho second 
application of tar. This process is more effective if done, say, in tho months of September 
and March than in tho middle of the hot weather because tho gravel is easily displaced when 
the tempcratimo is high. 

Approximate cost of painting ruts will bo Rs. 2-12-0 per hundred square foot or Rs. 200 
fer fillin g one rut li feet wide per mile. 

ih) Ruts from ito^ inch. — ^TIic surface of tho rut should bo painted with tar No. 1 or 
No. 2 at tho rate of 7 to 8 sq. yards per gallon and then 2J per cent, promix of J to J inch 
gauge gravel filled in tho rut and well rolled and allowed to sot at least for 10 days before • 
tarring is done. This should never he done in tho middle of tho hot weather. 

Approximate cost Rs. 4 per hundred square feet or Rs. 300 for filling ouo rut 14 feet- 
wide per mile. 
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(c) Hii/j above ^-inch and up to 2 inehee . — ^Tlieso should bo scarified to a depth of 1 J to 

2 i inches and now metal added and consolidated os ordinary •wator-bDund maeadam. 
Great cnro should bo taken that the motal of Iho unscarified surfaco adjoining the ruts is 
adequately protected to prcTont crushing- 

Approximate cost for filling two ruts foot wide will be lis. 500 phr mile. As the cost 
of renewals are now so oheap, rut filling should only be done where it is certain that by 
doing so the rood surfaco will bo brought to proper camber, otherwise the whole surface 
•sTiould bo renewed. 

jVIcthods II («r) and II (6) should not bo adopted whore the joints on the surface of ruts 
•cannot bo adequately raked out. If the tar does not penetrate sulfioiontly there is danger 
of peeling off as the rats boar the full brunt of the bullock cart traffic. 

m. For at least two weeks before terring Ls done the road surface should not bo blinded 
with earth. 

Tarring ns far as possible should bo dona in Wcarin waathcr when the sun tempera- 
ture is lOO’F- or over, so as to onsuro more penetration and uniform distribution of tar over 
tho surface of the road. 

V. If possible tho whole width of tho road should bo closed to traTSc, and the berm on 
the leeward side only used for traffio and this should bo sprinkla l with water to reduce 
•dust to a minimum. 

MATEniALS. 

Stone iliips or gravel. — ^Tho proi)er function of the binder should bo to securely fix the 
chips in position and tltat of tho aggregate to take up tho wear of traflSc, therefore tho 
quantity of aggregate should be as largo os possible in relation to tho quantity of binder. 
Experience shows that for initial applications tho relation is 250 o. ft. aggroiiato to 1 ton of 
■tor and for second and subsequent coats 300 c. ft. to I ton of tar. This worlcs out at about 

3 c. ft. of aggregate per 100 sq. ft. of road surfaco for initial applications and 1*3 c. ft 
per 100 sq. ft. for .second and subsequent applications. 

As tho aggregate is to take tho wear it ahould bo as hard as possible an I whore av'aihblo 
it should consist of hard river bed gravel or very herd crushed stone chips. 

Experience shows that tho very fine particles should bo reduced to a minimum, and no 
trtuff less than 1/S inch gauge should bo used, otherwise a larger quantity of binder per unit 
-of volume of aggregate will bo noodocl. 

Tho following grading of chips or gravel has produced very satisfactory results : — 

'For initial applications ; — 

i to J inch gauge . . . . . . ... 40 per cent. 

J to 5 inch gauge .. .. .. .. GO per cent. 

For subsequent applications 
^ to } inch gauge 
i to 2 inch gauge 

Surface PAism'o with roap tar (first co.st). 

Initial application consists of tho following four operations : — 

(1) Cleaning tho road surface. 

(2) Heating and pouring tor. 

(3) Spreading stone chips or gravel. 

(4) Rolling stone chips or gravel. 

1. Gleaning the road surface. 

This consists of five operations : — 

(o) Sweeping tho road sttrfn.co with ordinary brooms or soft brushes with long 
handles to remove tho surface dust. 


40 per cent. 
CO per oent. 
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(6) Removing caked mud from the edges of the road by means of miniature piol^. 
This mud cannot bo removed by ordinary ■wire brushes. 

(c) Cleaning the road surface ■with wire brushes so as to loosen the mud and fine- 

blin£igo from the interstices of the road. 

(d) Cleaning the road surface with soft brushes so ns to remove dust and blindage- 

produced in operation (c). 

(c) Final dusting of the road surface with gunny bags or country whislcs to romovo' 
fine dust. 

2. Heatinq aed poukikq tab. 

(a) Heaiing tar , — ^The tar should be heated in tar boilers ns far ns possible and if tho- 
tar boilers are not available, heating can bo done in boilers locally made from tar drums. 

• In case of B. S. S. Tar No. 1, the iomperatnro should bo maintained botweon 220®F. 
and 240®F. and in case of B. S. S. Tar No. 2 between 240®F, and 260’F. 

Great cate should bo taken that no water from the far drums or any other source 
enters the tar boiler, otherwise the tar will overflow with disastrous results to the opera- 
tors. 

A full tar drum should always remain biispcnded over the tar boiler, so that the- 
contents will never bo reduced to say less than i of its vohnuo, otherwise the necumulntod 
heat stored up in the fire bricks will cause a very ra 2 )id rise in temperature. 

(6) Pouring tar on road surface . — ^This is done in two ways ; — 

(r) Spraying , — ^Aftor the surface of the road Ls thoroughlj* olenned and well dusted as 
described in operation No. 1, the edges of the road should he well defined by means of- 
i inch thick strings BO to lOO foot long opch. In spraying tar with the sirrayer groat care 
should bo taken that the tar is sprayed tmiformly along the length of the road and never 
across the road. If sprayed across the road, unsightly overlapping will occur and oven 
when spraying longitudinally overlapping should bo redueed to a minimum by brnohing. 

The quantity of tar used during spraj-ing can be coutrollcd by moans of flat iron gauges, 
but an expert sprayer operator should bo able to gauge the quantity sprayed by eye. The- 
height at wliich the sprayer is hold is the controlling factor. One gallon of tar sprayed 
should cover 6 square yards of road surface. 

(ff) Band pouring . — ^Aftcr cleaning (opomlion 1) the edges of tho road are demarcated 
by means of i inch thick strings CO to lOU feet long pulled taut and secured, then marks 
are made at 74 feet intervals on the Lcims to represent tho length of tho road that will bo 
covered with t•^^o gallons of tar. Pouring is now done by means of pouring pots of ono 
gallon capacity. Thus tho contents of two pots 'NviU cover n length of road rejjrcsentcd 
by one marking on tbo berms and this will amount to 5 square yards per gallon ot ttir. 

Pouring and brushing should bo done longitndinaUy and overlapping roduced to a- 
minimum. 

Tho operation of pouring is carried out by two men equipped with soft bni.shos with 
long handles and ono man with a pouring pot filled with ono gallon of tar and these men 
pour and bi-ush tho tar on tho road simultaneously. 

Ono stroke of tho pouring pot covers ono fool width of a road 74 foot long (the most 
convenient length of road that can bo dealt with) and 0 strokes aro sutticient to eomplotoly 
empty tho pot, thus a width of 6 feet, 74 foot long can ho covered with ono pouring can. 

The foregoing refers to an initial application for a road 12 foot wide.. In case of sub- 
sequent applications one pouring pot will cover the whole width of 12 feet, 74 ft. long. 

Given a modoratoly smooth surfaco and a sun tempornturo of not less ihan 100®F., it is- 
possiblo to spread tar in this waj- as rapidly and os evenly .as with a sprayer. Experience 
seems to indicate that if work is done in tho hot weather better results arc obtained by 
hand pouring. 

Tho position of tho tar boiler should bo so adjusted that minimum time will be taken in 
carriage of tar from tho boiler to the road. 

Tho labour employed on boating and pouring tar should bo provided with goggles, long, 
boots and a pair of putties for 'orotoction. 
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3. SpsEADitra sxoks ohifs ob gbayeCi. 

Before epreading, gravel should alwa 3 ns ho screened through a 1/8 inch mesh screen, so 
as to remove fine dust. Crushed stono chips or river bed single of hard quality and 1/8 
to i inoh gauge should be spread over the surface evenly immedtately after pouring the tar. 
Uniform spreading can be ensured by regulating the number of baskets needed per definite 
length of road. 12 baskets of J c. ft. capaoity are needed for 9 feet length of road 12 ft. 
vridd. 

The greatest care should bo taken that the chips are evenly distributed (by moans of 
drag brooms or in any other way) over the surface othera’iso the riding qualities of the road 
surface are likely to be impaired 

4. EoLUKG stoke chips OB OBAYEL. 

As soon as possible after the chips or gravel is spread the surface should bo rolled with a 
10 ton or 8 ton roller and rolling continued until the gravel has stuck to the road surface 
Bolling should not bo overdone, generally 6 to 8 trips of the roller are found sufficient. 

General. — Traffic can bo permitted on a freshly tarred surface after sundown on the 
day work was done, but if possible traffic should not be allowed to use such a surface 
during the hottest part of the day until the tar is 24 hours old, otherwise the chips or gravel 
is very liable to be displaced. Watoring a road after sundoun on the day tarring was 
carried out is distinctlj* beneficial where sifn temperatures are very high because it takes 
many hours for a road to cool down. 

STTRFACE PAINTIKO with B0A» TAB (SECOND COAT). 

In addition to the necessary preliminary work already described, tliis consists of the 
following four operations ; — 

(1) Cleaning the road surface. 

(2) Heating and pouring tar. 

(3) Spreading stono chips or gravel. 

(4) Bolling stono chips or gravel. 

(1) Oleahino the bo,u> surpaoe. 

This can bo sub-dividod os folloAvs : — 

(d) Scraping off the manure or other foreign matter sticking on to the road sur- 
face by means of any suitable imploinont. 

(6) Cleaning the surfaoo AAith wire bru8ho.s, loosening on}' stuff left out by operation 
(a) spociolly at the edges. 

(c) Cleaning the surface with soft brushes so ns to remove dust and foreign matter 

produced in operations (a) and (6). 

(d) i^inal dusting of the road with gunny bags or country Avbislrs to remove fine 

dust. 

(2) HUATINa and POtTBING TAB. 

(a) Heating tar.— rSarao as paragraph 2(o) of specifications for first coat of tarring. 

(&) Pouring tar . — (e) Spraying. — Samo as paragroph 2(6)(i) of specifications for 
tarring first coat except tar is sprayed at the rate of lO square yards per 
gallon of tar. 

(f?) Band pouring. — Samo ns for paragraph (2)(1») (u) of specifications for tarring 
first coat with the exception that the space between the marks on the berms 
will bo covered in one pouring of a 1 gallon capacity pouring pot. This 
works out at 10 square yards per gallon of tar. 

(3) Spreading stoke oraps or ORAVEr,. 

Same as for paragraph 3 of specifications for first coat of tarring with the exception 
that the gauge of the graA'ol should bo 1/8 to 3/8 inoh and that 7 baskets containing 1*8 
c. ft. gravel should cover 8 to 9 foot length of road 12 feet Avide. , 

(4) Boliakg chips ob geavel. 

Same as for paragroph 4 of specifications for tarring first coat. 

General. - -Same ns for first coat work. 
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d<ialysis of cost of tarring and gritting per mile of 12 ft. road, or 7,040 square yards, excluding 

tools and plant charges. 

Fiest Appuoatios. 

Materials. 


Us. 

B. S. S. ITo. 2 tar 3 tons at Bs. 125 . . . . > . . 1,000 

Grit 2,000 c. ft. at Bs. 20 per 100 c. ft. .. » ^ ... 400 

Total materials .« . . 1,400 


Labour and fuel for treating and applying. 

(i) Cleaning road surface : The accounts show an expondi* 
ture of Bs. 7,476 for 107*80 miles or Bs. 69 per 
mile. 

(it) Heating and spraying or pouring : The accounts show 
an expenditure of Bs. 4,111 for‘854*35 tons of tar 
or Es. 4-13-0 per ton. 

(tfi) Spraying grit or gravel ! The accounts show an expendi- 
ture of Bs. 1,329 for 176,674 c. ft. of grit or As. 12 per 
100 c. ft. 

(tf) Rolling; The accounts show an expenditure of 
Es. 4,003 for 107*80 miles or Rs. 37 per mile. 

Abstract for 1 mile. 

Rs. a. p. 

(>} Geaning surface ... .. ... ,. 69 0 0 

(if) Heating and sprajnng or pouring 8 tons Es. 4-13-0 per 36 8 0 
ton. 

(iff) Spreading grit or gravel 2.000 o. ft. at annas 12 per lOO 

c. ft. .. .. .. ,. .. ly 0 0 


(fa) Rolling .. 

• • 

• • xt/ 

37 

0 

V 

0 

Total fuel and labour 


. . 157 

8 

0 

-j- 

Say 


.. 160 

0 

0 

Add materials as above . . . . 


.. 1,400 

0 

0 

Total cost per mile 

•• 

.. 1,560 

0 

0 


Secosd Appucatios. 

The analysis has been made from actual costs as before, and the abstract is :■ 

Bs. a. p. 

B. S. S. No. 2 tar 4 tons at Rs. 125 .» . . . . 500 0 0 

Grit or gravel 1,200 c. ft. at Rs. 20 per lOO 0 . ft. .. .. 240 0 0 

Heating, spraying and rolling . . . . . . ... 1 lO 0 0 


Total for one mile 


• • 


850 0 0 
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APPENDIX III. 

Specijkaiionfor 1\ inch premix carpet using bitumen as a binder. 

Material and Plant, 

Aggregate. — Tins sho\ild consist of either river worn gravel or broken stone chips. As 
failure in these carpets is more due to crushing than to any other cause, therefore the mate- 
rial in either case should be as hard as possible. Though broken stone chips are proferabla 
Sor greater stability it is not often possible to obtain really hard stone chips at a reasonable 
price on account of the high cost of breaking. 

The following is a suitable grading for either river worn shingle or broken stone 
chips i — 

i inch to ^ inch . . . . . . . , , . fiO per cons. 

1/8 inch to J inch . . . . . . . . . . 25 per cent. 

1/12 inch to 1/8 inch .. .. .. .. 25 per cent. 

Binder . — This should consist of 2 parts of (20 — 30) penetration Moxphalte and 1 part 
Shelrhac. It is imderstood from the suppliers that the Shelmac consists of 88 per cent 
(20 — 30) penetration Mexphalte and 12 pei’ cent, solvent, therefore the mixture consists of 
94 per cent. (20 — 30) Mesphalte and 6 per cent solvent. In the process of mixing, the Mex- 
phalte is heated to 350*F and allowed to cool to 300°P and the Shelmac is added cold, when 
the two have been thoroughly mixed the binder is ready for use. 

Mixer . — (, See plan at Plate No. 1.) This is a “home made *’ contraption and is operated 
by manual labour (4 men). It consists of 2 parts, that can be easily separated, the revolving 
portion and the underframe. The former is made of 2 bitumen drums and a steel 
spindle, while the latter is made up of any rough wood though it is essential that the top 
part of the vertical should consist of some hard wood like “ shesham ” or “ kikat ” as no 
metal is used for the journals of the bearings. It has been found by experience that this 
arrangement is very satisfactory as neither the spindle nor the joining wear away appre- 
ciably if sufficient grease is used. In order to minimise handling and transporting coated 
aggregate the mixers are operated actually ou the road surface. After pra-coatiug, each 
batch of aggregate is deposited straight on the road surface and the mixer is lifted up and 
carried forward, this is facilitated by the fact that the mixer is made in 2 parts. If skil- 
fully operated one mixer is quite capable of coating about 200 o. ft. aggregate in an eight 
hour working daj^, therefore a battery of 6 would be quite sufficient to feed a steam roller 
working at its fullest capacity. 

Proportion of hinder. — The relation between quantity of binder and aggregate depends 
on sev^al factors the chief of which are grading and character of the latter. Under aver- 
age conditions with grading as specified 2 tons of binder is sufficient to coat 1,000 c. ft. of 
aggregate. 

Priming. — ^Theso carpets can either be laid on a previously painted surface or straight, 
on water-bound macadam. In all cases it is much the safest plan to prime before laying, 
as-satisfoctory adhesion to the underlying surface adds considerably to the strength of the 
•carpet. Priming especially if a low viscosity bitumen is used should not be overdone as this 
may possibly cause “ pushing ”. Satisfactory results have been obtained with the follow - 
ing methods of priming : — 

(а) A surface previously painted with tar. — No. 1 or 2 tar, preferably the former 
applied at the rate of 1/15 to 1/20 gallon per sq. yard. A satisfactory method of priming 

. with such a thin coat is by liberally pre-coating a small quantity of gravel with tar and 
brushing it along the road siuf ace, used in this way the gravel acts as a vehicle for distribut- 
ing the tar. 

(б) A surface previously painted with bitumen. — Same as (a) except that a higher 
percentage of solvent is used than contained in Shelmac to facilitate distribution. 

(c) A water-bound surface. — Same as (a) or (6) but the rate of application should be 
increased to about 1/8 of a gallon per sq. yard. As an alternative bitumen emulsion might 
bo applied at the rate of 1/6 to 1/8 of a gallon per sq. yard, but this will be more expen- 
sive. 
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Comtruclimal operations in order of sequence. 

(a) Preparation of surface . — ^Tlio aurface to bo treated aliould bo thoroughly cleaned in 
the usual manner proscribed for tar surface painting. After cleaning the surface, wooden 
strips 2 inches by 1^ inches are securely fixed along the edge of the metal by the edge 
of the metal by moans of steel spikes and remain in position until tlie carpet has boon finai^ 
rolled and has set. These wooden strips not only support the carpet during laying but act 
as a gauge for tho thickness of the ofirpet. 

(5) Priming , — ^Tho surface is suitably' primed adopting one or oilier of tho methods 
described under tho head priming. 

(c) AffariMg. — ^Four to live " homo made” mixers are placed in such positions on tiio 
primed surface that tho work of spreading of tho coated aggregate is reduced to a minimum. 
Before being piaced in the mixers tho aggregate is screened into 2 gradings. I'i:., mntorini 
about 1/S inch gauge and materini below 1/8 inch gauge. Tlio former is first put into the 
mixer nnd then 2/3 of tho requisite quantity of binder is added and the mixer revolved 20 
times, tho fine stuff is now added and tho mixor again revolved and finally tho remainder 
of the binder (1/3) is added nnd mixing completed. Unless the seemingly complioatcd 
sequence of operations is carried out tho fine stuff will “ball up ” nnd uniform pro* coating 
will not bo possible. M’itli a sun temperature of not less than lOO’F- there is no need to 
heat the aggregate, but with n lower tomjieratnro it may be necessary to heat eitlier the 
whole of the aggregate or tlio portion of it with particles ices tlian 1/S inch gauge. Mixing 
may also be fnoiUtatod by liglitly spravim: tho nggre_'ate with kerosene bv means of n 
“FLIT” gun. 

(d) Spreading . — After depositing the proconted aggregate on tho primed surface it is 
evenly spread by means of rakes nnd these should bo the only tools used for spreading. 
Compaetlon by foot, hand or rnnimora of any kind should bo avoided nt any co«t. 

(e) Bolling should bo done by a 0 or 8 ton roller, tliough n W ton roller couM bo u<od if 
tho aggregate is not too soft. Tandem rollers aro tho mcKt suitable for this class of work, 
but their use is not essential. 

(/) Bitumen emulsion should bo sprayed at the rate of 1/S gallon per square yard and 
covered with course sand. Though generally speaking this final apjdicntion is not nlwavs 
essential it is recommended for roads carrying lioavy bullock cart traffic, ns the tenden'ev 
of tho aggregate to cnish is considerably reduced. 

Ge/ieral.—iloior traffic should be kept off the road for •! days nnd bullock carts for one 
week to ton days after completion. If possible traffic should be diverted right away from 
tho road during construction, if traffic travels along the berms dust is blown on the surfwo 
before tho solvent in tho mix has evaporated nudn gootl deal of it (dust) is inooiqiorated 
in tho mix thus making it too drj*. Special provisionMiould lie made for diversions and the 
best way of dealing with tlio traffic is by lajing a temporary wire roadw.ay esiwiailv in 
cases whore traffic lias to use the berms. 
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[^aper No. 5 (6).] 

Notes on. the Uses of Tari Bitumens and -Emulsions, in the Punjab,. 
Being a Paper Contributed for the Last (1934) 

International Roads Congress. 


r . • - . BT 

. R.' TREVOR JONES, MiC., A. M. Inst. C.E., 

■ . ■ ■ Executive Engineer, Raivalpindi. 

■Note. — ^T he paper has bfion slightly curtailed by the elimination of matter not neces- 
sary for a body of Engineers in In^a. 

Tab. 


1. Tar. Present ailittide tmvards use of tar in the Punjab and Northern 
' India . — India is probably one of the most conservative countries in the world, 

and it is- certainly an achievement that now a days, in the Punjab at any rate, 
the application of some form of waterproof surfacing is regarded as being es- 
sential for main roads. This conviction has been reached during the past few 
years, before thjit the Public and the administration, provincial and local were 
■reconciled to the annual reconstruction of large sections of water bound road, 
with all its inconvenience and annoyance to the public. Since the advent of the 
motor few,water-boimd road crusts could survive more than a couple of years, 
and in the more heavily trafficked sections 6 months was the not unusual limit 
of endurance. Until quite recently tar was considered an unknown quantit 5 % 
a luxury, an imjustffiable expenditure, and a concession to the “speed fiend 
in a verj'- similar manner to the outcry which was raised in England, when 
surfacing of rural roads on a large scale was inaugurated before the war. 

2. Failure in the past . — It is true that early experiments, involving the 
use of improperly dehydrated tar, did not create confidence. Such tars were 

' -unsuitable for road work and in the heat of Indian summer bled to an uncom- 
fortable extent. Too much tar was used on occasions, a cause of high cost, 
and too little was known regarding the use of fillers or grit. 

3. Saving as the result of extensive surfadng over 3 years . — ^Until about 
•1930; the hands of road Engineers were tied, and thej’- were robbed of initia- 
tive' because the application of any surface treatment required the sanction 
of the Legislature as an “ original work ”. In June 1930 this embargo was 
removed and it is now the rule that all new water-hound macadam must be loater- 
proofed at the earliest opportunity. The result has been a saving of nearly 

. 28 per cent, in the maintenance bill for arterial roads in the Punjab, a figure 
. which will increase as tarring progresses, as it has not yet been financially 
and physically possible to surface more than approximately half of the 2,700 
miles of the arterial metalled roads in the Province. 

4. Improvement effected . — The results of this wide spread use of tar has 
undeniably raised the standard and lengthened the life of roads in this Province. 
Hitherto water bound roads, however well consolidated and founded, were 
.quite inadequate for the fast and heavy motor traffic of the present day, and in 
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-some of tlie more heavily trafficked areas xrerc impassable after six montlis use 
Moreover, in dry periods the clouds of dnst raised by quick moving vehicles 
were not only a danger to health, and a public nuisance, but rendered visibility 
difficult and increased road accidents. Although it cannot be claimed that 
the standard of Punjab roads can be compared ^vith the modern roads of Euro- 
pean Countries, the surfacing or painting of U'otcr bound surface-s lias estab- 
lished a hightray which alloivs touring cans to travel at liigh .speed, in comfort 
and in safety, and from the motorist and the road carrier’s point of view, a 
permanently good surface has meant immense savings in tyre and engine dep- 
reciation, and oil and petrol consumption. 

6. Use by animal drawn vchiclcs.—ln the Ihinjnb the horse drawn “ tong.i ” 
and the springlo.s.s hnllock cart, of some 15 cwt., arc still tlic normal vehicles of 
the people. Opposition to the surfacing of roads miuht have come from those 
quarters, but although it is possible for .such vchiclc.s to ii.so tlic sides or 
“ berms ’■ of the roads, draught animals appear t o .acquire qiiickly the habit 
of using the tarred road with case and confidence. This is true even of long 
gradients on the Rawalpindi-Murrec-Ka.shmir Road, where grades arc as 
much as 1 in 18 for 12 miles strctchc.s. 

6. Advantages . — In tar surfaced or bound roads a product is achieved 
which is cheap, efficient indigenous (an important, point in a country of high 
tariffs such as India) easily laid by unskilled labour, dust proof and lasting, 
In certain localities tlic only .stone available i.s of a .soft, and friaiilc nature, .such 
as sandstone, or of a very hard and unyielding nature, with ])Oor eomenti- 
tious proportio.s, such ns qiiarfsito. Prior to the advent of tar surfacing .such 
metal was of little value as road metal eitlier by reason of its rajiid attrition, 
•or its poor binding quality. R.veellent and economical re.siilt.-5 linve been 
accomplished by tar surfacing such material, and there are oven gre.atcr 
possibilities if and when the use of t.ir or bitumen, ns biiuleis is generally 
accepted and established. 

7. Facility of laying . — There also appears to he a greater permissible 
" margin of error ” with tar than with other commodities, and very few failures 
occur. This is a great advantage in a country where expert .supervi.sion is 
difficult to obtain, and labour extremely unskilled. 

Further, tar appears to lend itselfto rather primitive methods. Tarsprny- 
ers, special boilers, gritting machines, motor l.nndcm rollers, etc., the u.sunl means 
by which surfacing is normally executed in European countries, arc regarded 
with suspicion and dislike by governmental financial control. There i.s perhaps 
some justification for this attitude, since mnehinerv of any sort, is often abused 
and misused by untutored Indian contractors, and unless expert supervision 
is available, depreciation is unusually rapid. Moreover, few machines of local 
manufacture are available, and there is a natural tendency to avoid purchase 
of articles of foreign manufacture ns much ns possible. Conditions of financial 
stringency tend to stiffen tliis attitude, and iinprorision and resource to suit 
local condition is called for. 

8. Manvfacturc . — Northern India is dependent on Tar supplies from the 
Bengal Coal Field. This is distilled by certain refiners to British Standard 
Specifications and railed from the coalfields of B engal a distance of .some 1,300 
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miles to Rawalpindi. The cost of the freight over this distance is Es. 35 per- 
ton whilst the tar at source cost Es. 97. Tar Eo. 2 is chiefly used in this 
locality— although No. 1 and High Viscosity Tar have been used with success 
elsewhere. 

9. Local resources. — ^Although a shaly coal of inferior quality is mined in 
the Salt Range of the Punjab, it is tmlikely that tar distillation will ever be a 
commercial proposition ; for no demand exists for coke, in the makin" of 
which crude tar is a bye-product. It seems therefore that the Bengal coalfields 
must be relied on as the only source of supply ; although it is within the bounds 
of possibility tliat the carriage of road tar in bulk mil be feasible, thereby 
reducing freight and the cost to the consumer. 

10. Methods employed in Tar surfacing. — ^Tar can be successfully heated 
in batteries of barrels, the .usual containers, on special stands, and in the ab- 
sence of sprayers, can be laid with fair success by pouring from ordinarv water 
cans, fitted with rose nozzles, the spread being obtained by squeegees of rubber 
flaps and brushes. Grit or chippings are spread by casting in a circular motion 
from flat baskets, and the Punjabi coolie can be trained to lay such material 
with speed and precision. 

11. Cost of Tar. — Tar is available P. 0. E. Rawalpindi at the rate of 
Es. 132 per ton carried in non-retmmable steel drums each of cwt. capacity. 
It is railed in wagons of about 13 tons capacity. Local carriage is done 
by country bullock carts at a cost of 11 auuas per ton mile, and the tar is 
dumped at site in units of 3 barrels spaced at intervals along the road. 

12. Chippings or Grit. — ^The grit or chippings used for blinding (known by 
the vernacular name of “ bajri ”) is obtained from river beds in the locality 
and is water worn limestone peflible of considerable resistance to crushing. 
The approved range of size is from 1/8 inch to 1/1 inch (to pass 3/8 inch mesh). 
The material is usually screened at site and stacked on spare road side 
land. The cost of such material varies according to the distance of final 
disposal and the method of carriage employed. For instance j)ebble from 
the River Haro costs Es. 7 per 100 eft. at site near the river bed but Es. 30 
per 100 eft. stacked at mile 24 on the Eawalpindi-Miurce-Kashmir Road. 
(It should be stated that the Haro pebble is jJarticularly suitable for tarring 
work). In view of difficulty of obtaining river bed stone at all times of the 
year and the unlikelihood of strict compliance to .specification by local con- 
tractors, supplies have occasionally been obtained of machine crushed lime- 
stone. Such material is less durable than water worn pebble but the certainty 
of supply and standard is an asset in its favour. The cost is slightly more 
than limestone pebble. 

13. Cost of cmnpleled Tar Surfacing . — ^The co.st of completed work varies 
according to site, from Es. 2-4-9 to Es. 2-12-0 per hundred square feet for 
the first coat and from Es. 1-6-0 to Es. 1-11-0 for the second coat. An 
analysis of costs is attached for information (Appendix A). These- 
figures relate to 1932 and recently it has been ' possible to tar with second 
and third coats at Es. 1-3-0 per hundred square feet. 
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14. Specificaton for laying. — A specification as used in the Punjab is 
•appended (Appendix B). With regard to the application of the specifica- >. 
■tion in practice, it should be noted that the few failures that have occurred ’ 
appeared to have been due to imperfectly cleaned roads. In a dry dusty 
country such as the North of India, the thorough cleaning of water bound 
macadom roads is a matter of considerable difficulty especially with traffic 
•of all sorts moving on side diversions. An occasional cause of failure 
is the over heating of tar (250°F. is the ideal), but this seldom occurs, if 
suitable sprayers are available (such as the “ Phoenix ” rapid Hand Tar 
Sprayers fitted with plunger pump and scythe spraying nozzle), a smooth 
controlled spread is easily and quickly obtained ; when hand methods must 
be used unevenness in laying must be carefully guarded against. Special 
•treatment of the edges of the metalling is also necessary. Since Punjab 
roads are usually devoid of haunehing or kerbing, the margin at times 
becomes aerated and broken by traffic, particularly when wear of berms 
■occurs. 

15. Steam RoUers.—Omng to the limited funds available for the supply 
of road tools and plant, use has to be made of such steam rollers as are avail- 
able. The majority of these are of 10 to 12 tons, and are too heavy for 
rolling clippings into tar without undue crushing. A more extended use of 
local quarry products and " bajri ” from hill streams would probably result 
from the use of light motor rollers 3 to 5 tons. At present the high cost of 
railing the hardest and most durable water worn bajri for considerable 
•distances is a big item in the cost of tarring. 

16. General. — ^It can be safely said that the use of tar surfacing has 
■saved the situation as far as road economies are concerned in the Punjab. ' 
With an under-developed but projected extensive system of arterial roads, 
-and an ever-increasing demand for more and better highways the factors are 
present for a stimulus to road making activity. 

Increase of Motor Vehicles. — An indication of the increased demand for 
roads is given by the figures of motor registrations in the Punjab for the past 
years. These have grown from 14,000 in 1928 to 25,000 in 1932. They do not 
include military Motor Vehicles which have also increased in recent years. 

17. Road Classification Scheme of 1927. — A reclassification scheme drawn up 
in 1927 indicated the lines on which development would proceed ; a further fillip 
■to progress was achieved with the special Bond Tax on petrol, and the formation 
of the Central Road Development Fund by the Government of India, from 
which grants for new constructions were made to Provinces. Nevertheless with 
an ever-increasing annual bill for maintenance, it was natural that Government 
should look askance at farther liabilities in this direction, and a tendency 
is evident to apply funds intended for the development of the road system, 
towards lightening the heavy and increasing burden of ordinary mainte- 
nance. But, as has been stated, the great saving achieved by road smfacing 
during the past three years has paved the way to more confidence in pro- 
moting further development of the road system. 

18. Question of life of tar road. — ^It is of course a moot point how 
.-far this decrease in recurring expenditure will be progressive. Much 
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depends on the extent to which it is necessary to renew the water hound 
metalling in the years to come. An average view is that this will be neces- 
sary within 13 years ; although it is optimistically held in some quarters 
that a carefully maintained and renewed tar road will last for ever. In 
support of these statements it should be recorded that the Mall, Lahore, 
the main thoroughfare of the Capital of the Province, was last remetalled 
and originally tarred in 1916, and for the 17 years has withstood heavy 
traffic with very little ill efiect. But it would appear that the “ limit of 
saturation ” is reached at about 600 tons to the yard width, and there are 
certainly stretches of road in the vicinity of large Punjab towns, where 
such condition has been attained. 

19. Tar used, as hiivder or matrix. — ^Not much progress has been made 
in recent years in the application of Tar, Bitumens, etc., as incorporated 
binders. The reasons for this are probably as follows ; — 

(i) Cost. 

lii) This is “ Original work ” and therefore requires special sanction 
as such. 

Recently, however, premixed tar carpets have been tried with a view to 
economies in metalling of the sub-grade, the latter being reduced from 
4| inches to 3 inches. The method adopted is to use 1 inch of chippings pre- 
mixed with No. 2 Tar and allowed to cool off for ten days. Before laying 
the existing road surface has to be treated or painted with tar No. 1. The 
•cost of the one inch thick premixed carpet is in the neighbourhood of Rs. 7 
per hundred square feet. Sxich work as has been done is e.xperimental and 
its life and capacity remains to be seen and at present it would appear 
that, when metal is plentiful and cheap, tar surfacing at Rs. 4 per hundred 
■square feet (two coats) remains the more economical method for roads carry- 
ing traffic upto 250 tons per yard width. 

20. Tar and pitch grout. — mixture of tar and pitch has been used 
with some success where the cost of metal was abnormally high due to 
distance from source of supply, e.g,, in the plains at distances of 300 and 
400 miles from the nearest quarries. Here the aggregate has often been 
usually burnt and broken to 2" gauge at site, and used SJ' thick consoli- 
dated ; the binder or matrix being tar mixed with pitch in the proportion 
1 tar : 1 pitch for grout, and 1 tar : ^ pitch for seal coat. Imported hard 
•stone grit is of course used for the sealing surface (on Lahore-Harike Road 
1929). The cost of this type of work was Rs. 27 per hundred square feet 
■or excluding the cost of brick metalling Rs. 22. The work was admittedly 

experimental but good results have been obtained over a number of years 
■on light trafficked roads. The admixture of pitch with tar is, however, of 
doubtful efficacy in the Punjab, and tar alone as a matrix should give 
equally good, if not better, results with broken brick aggregate using about 
-twice the amount of tar required for stone. 

Bitumens. 

. 21. Initial paint coats not a success. — ^Bitumen is an imported material. 
3t has been used in the past as a binder with varying success for premix and 



140 


grouting and even " pave work ”, e.g., whole burnt bricks steeped in bitu- 
men. Formerly initial seal coats or surfacing work of an experimental nature 
were tried on various roads in the Punjab, but in the majority of cases were 
a failure. It would appear that the difficulty of the thorough removal of 
dust from the water bound surfaces was responsible for the lack of success. 
Bitumen in liquid state in contact with dust appears to lose its property of 
spreading and the carpet or coating may be as easily removable feom the 
sub-grade as a mat from a floor. However, recently the use of “ Spramex ” 
has been extended for second and third coats over initial coats of tar and 
with much success. Over tar a smooth, even, smrface is obtainable, which 
appears to be tougher and more lasting than tar. Its application is more, 
difficult than that of tar, and a properly equipped Bjirayer is an essential. 
Successful surfacing with this material is obtained so long as the coat is laid 
thin. Failure has occurred through an excess of the bitumen resulting- 
in ridging and unevenness. At a cost of Es. 146 ton, “ Spramex ” compares 
favourably in price -with tar (Es. 132) and at Es. 1-10-0 per hundred square 
feet, it is probable that its use -will be extended for second and subsequent, 
coats. A great disadvantage is its slipperiness in winter. 

Emulsions. 

22. From the foregoing it would appear that emulsions which require, 
no heating, and can be easily poured from their containers, should be exten- 
sively used for surfacing. There are a variety of emulsified tars and bitu- 
men on the market, but at present their high cost in the Punjab have not 
made their general use possible. Emulsifpng plants at present exist only 
at seaports, or large cities, such as Peshawar and Lahore at distances vary- 
ing from 200 to 800 miles, and therefore water carried in bulk represents 
much of the cost of transport. 

Examples of emulsions in use are : — 

(a) “ Colas ” an emulsion of bitumen marketed by the Burmah- 

Shell Company. This material cost last year Es. 157 afe 
Peshawar and with freight to Eawalpindi, etc,, cost Es. 167-4 0 
at site of work. The cost per hundred square feet ■ was. 
Es. 2-12-0 for a second coat over tar. The price of this has 
been recently reduced to Es. 140 ex-factory. 

(b) *'Bitumt(ls" an emulsion of American origin marketed by 

Shaw Wallace and Company, Calcutta. Cost at Eawalpindi 
Es. 157-4-0 per ton at site, and cost of second coat, over tar 
Es. 2-10-0 per hundred square feet. 

(c) “ Mexaco ” a road oil, said to contain 65 per cent, of bitumen, 

made by Eoad Oils (India), Calcutta, cost at Eawalpindi 
Es. 197-8-0. Cost of ' a second coat Es. 2-5-0 per hundi-ed square 
feet. This is a thin bodied material of great covering capacity. 

It will be seen however that these figures compare unfavourably with tar 
at Es. 1-7-0 hundred square feet for second coats. With labour costs being such 
a minor item of expenditure, there is no set-ofi to the additional quantities 
used. For whereas 1/lOth of a cwt. of tar -will cover one hundred square feet. 
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it rpqnires l/5th to l/4tTi of a o-wt. of emulsion to do the same, the additional 
weight being largely water. Bitumen emulsions have, however, been used with 
success over initial costs of tar. At present their liigh cost in comparison with 
the latter does not seem to be justified. For first coats over water-bound sur- 
faces, tjiey have not been successful so far. 

f \ 23. Slipperiness . — ^\Vith a range of shade temperature of from 30°P. to 
116®F. road surfaces in Northern Tndia arc subject to a wide variety of weather 
condition and stress, but as the rainfall is more or less confined to a few months 
ii} the year, there is far less occasion for roads to get muddy or greasy than in 
'Western countries. Tar definitely gives a surface of a rougher texture than 
■ bitumen, and is less liable to cause skids when wet. 

* 24'. Tar on steep grade's . — In the last two years the Ilawalpindi-Murree- 
Kashmir*Road has been surfaced as far as Kolmla, the Kashmir boundary. 
.Omng to the extended use of this road by bullock and mule carts, and to the 
hilly nature of the road with innumerable curves and “ hairpin bends ”, the 
water proofing of the road, though urgent in view of very heavy lorry and other 
motor traffic, was for some time avoided because of the fear of accidents from 
excessive slipperiness. This road rises from Rawalpindi, at 1,720 feet above sea ; 
level to Murree (at 6,697 feet), with one section of 13 miles at a grade of 1 in 18 
and then falls to the river Jhelnm at Kohala, the Kashmir boundary, at an 
average'grade of 1 in 27 ; the total distance being 64 miles. The road has been 
tgr surfaced during the past two years, and it would seem that the miscellaneous 
traffic, normal to the Indian road, still can use it vdth case, comfort and safety, 
and that with good traffic control, accidents are extremely rare at all times of 
the year, even in winter when the lulls are frost bound, and snow clearance is 
necesTsary for a period of three months. Bitunjen surfacing, is, liowever, avoid- 
ed on the* steep grades (steeper than 1 : 30). 

2.'j. Conclusion . — The use of tar in the North of India for road surfacing 
lias proved its value and has come to stay. In future roads of more permanent 
and solid construction will probably be necessary as the intensity of traffic 
increases ; moreover since Portland Cement is mnnufactimcd in the Province, 
the construction of concrete roads appears to bo tlie solution. But initial costs 
are a very great consideration. 

26. Road loans arc under consideration and it may be tliat as a 
result development wdll proceed on more modern lines and recurring mainte- 
nance charges be reduced to much sinaller proportions. But tliis can only 
be an achievement of the future. Meanwhile the situation is being .sai'^od by 
the use of the tar. Annual expenditure is being reduced, the road user, parti- 
cularly the motorist, is assured of a permanent and reliable road, the road 
fabric is protected and preserved, and journeys are quiclicr and safer. 



APPENDIX A. 

Statement showing comparison of analysis of figures for the first coat tarring in all Suh-Divtsions o" Bawalpindi Provincial Pivisioii- 
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APPENDIX B. 

Tar Surfacing (Tar applied Hoi). Speaificalioiui and conditions (revised 1932 - 33 ). 

1. Definition and scope. — “ Tar surfaoing ” is distinct from “ Tar painting ” and consists 
of a wearing cusliion or coat applied to tbo siiifaco of water bound macadam, with the object 
of providing bettor skin binding to the metal, and a cushion to reduce wear, and thus extend 
"the lifo of tho macadam and indirootly to afford a smooth and dnstloss travollin" surface 
'Strictly speaking it consists of grit (bajri) held together with tar to form a oonglomorato' 
■or tor macadam, laid to fill all irregularities in tho water bound macadam surface and 
'bringing tho same up to a smooth and oven water-proof surface. 

2. The ideal surface for tar surfacing. — ^Tho water bound metalled surface to bo treated 
•shall bo true to camber, free of pot holes, ruts and other dofoots, such as dusty or wot 
patches. In renewing metalling no earth or sand shall bo used as a binding material and 
the consolidation shall bo carefully o.xocntod so as to present as smooth and oven a 
•surface ns possible, 'with tho motal well compacted. 

Stone that produces a “ Glossy ” or very glorod surface on fracture shall be avoided 
•for use ns metal. Tho boat water bound macadam for tar surfacing is produced by tiio use 
of Pathankot or Jnnjmu quartv.ilo blinded with hard boulder lime stone bajri ; but when 
tho latter is not available, lime stone bajri thoroughly clean and free of dust obtained from 
scarifying tho lime stone metalling may ho used. 

3. Dust and Dampness. — ^Theso two factors are tho greatest enemies of this class of 
work and shall bo rigidly avoided and guarded against ; as any dust or datnpne-is in tho 
surface to bo tar surfaced will spell disaster. 

4. Heating the Tar. — ^'Tlio most rigid precautions shall bo taken to see that neither 
** overheating ’’ or “ under heating ” is allowed, either during tho actual heating or when 
•appl^'ing tho Inr. Tho temperature to which tho tar is to bo heated ns specified by tho 
manufacturers shall bo strictly observed and adopted, and for this purpose heating plant 
ohall carry, ns aocossorios, at least two suitable thormomotors for tho regular testing of tho 
.boating. 

5. Plant. — Suitable and Buflioiont tar hoatovs, sprayers, monsuros, sprondors, squoo- 
.goes, straight edges, templates, cords, barrions, brushes (hard and soft), shall bo duly 
arranged and collected at site, lioforo tho actual heating of the tar is commenced. 

C. General mrhing instructions. 

,(a) Sufficient materials and plant hn-ving boon colleot<?d at site, carefully examine 
metalled surface to bo treated for minor depressions and irregularities wliich 
need filling up and bring them up to tho desired level and surface mth bajri 
and tar (applied hot) consolidated 'with hand rammers. 

i(h) Tho berms having boon repaired and brought up to full formation level and tem- 
plate (except when there are reasons that this shall bo done after Inr sur- 
facing), and having arranged for tho passage of traffic either along the berms 
. or along a temporary diversion for tho period tho tar surfacing is in progress, 
place road-closed barriers to enclose one furlong of tho rood, and then 
thoroughly water tho bernM to lay tho dust, and then keep watered to ensure 
that no dust lies on tho surface to bo treated, or on tho nowly laid tar surfao- 
ing. On completion of tho tar surfacing in that furlong ropoat this operation 
to end of work, opening out tlio completed lengths to traffic as soon ns tlio tar 
has set sufficiently. 

\(c) The tar surfacing opened to traffic shall bo carefully examined next day and any 
minor dofoots such as “ sweating of tar ” or “ hungrj' patches ” shall bo cor- 
rected, tho former by tho sprinkling of a littlo fine bajri rammed with hand 
rammers tho latter by tho application of a littlo more heated tar sprinkled 
with a littlo fine bajri and then rammed, care being taken that neither prooens 
causes any humping or elevation out of tlio true ^ximplato and camber of tl'o 
a’oad. 
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t>/) In the case of ronoival of old tar surfacing, or ivbat is commonly Icnown as tlie- 
second or subsequent coats, all scaly or detached patches must ho carofully 
romovod and repairs executed as indicated in paras, (ff) and (c) above, before- 
the renewal coat is started. 

(e) No sand shall ha used in tar surfacing or in repairing the same. 

7. Application oj tar surfacing vsing ShalimnT No. 2 . — ^After ooinpliancc vith the fore- 
going instructions thoroughly clean the surface to be treated, with hard' and soft brushes- 
to remove all dust, dung, mud and other matter that may impair tho adliosivo action and 
properties of tho tar. Heat tho tar gradually to 250®F. and maintain tomporaturo while - 
applying to tho surface, mark out tho extent to which tho quality of tar is to bo spread ac- 
cording to tho capacity of tho tar-pouring bucket in use, so as to ensure that an average 
of 0-25 hundredweight of tar shall cover 100 square feet of road surface. Tho pouring of 
the tar shall be started at the ridge, or highest point of the camber and continued to tho edge, 
and care shall be taken that the whole metaUod width is covered and that no tar goes to 
waste on the berms and that tho edges are straight and not ragged. Spreaders of squeegees 
shall then bo applied so that a coat of even thickness of tar is ensured, when tho gritting, 
which shall consist of ^ inch to J inch gauge bajri (Haro river shingle) shall bo done by 
means of “ spraying ” or “ tlmowing ” the grit in an even thickness over the coat of tar into 
which it will si^ and to an extent that will form a compact conglomerate after rolling. 
The average amount of such grit shall be about 2 cubic feet per 100 square feet treated, pro- 
vided at all times that no “ sweating ” or “ Hungry patches ” shall occur. Rolling with a 
light steam road roller shall bo started and continued until tho tar and grit form a compact 
mass as a true conglomerate. As soon as this tar surfacing has sot sufSciently, traffic may 
be allowed over it and the work completed as rmder paragraph (6). 

8. Second and subsequent coats. — ^The operations shall be the same as for the first or 
initial coats except that in place of 0>25 hundredweight of tar, the average amount will bo,- 
0"1 hundredwei^t per 100 square feet and tho grit shall bo i inch to |inch or course- 
clean Haro shingle. Tho average amount of such fine grit or sand shall bo about one cubic 
foot per lOO square feet. 

9. Bates and conditions — 

(а) Tho rates include all cost for finished work, but the steam road rollers, template- 

road barriers and tar boilers will be supplied on loan free of charge by Gov- 
ernment at the nearest godorra or storage place and the contractor will' 
arrange liis own carriage to and from work and will return them in tho condi- - 
tion they were supplied, excepting for fair wear and tear. Theruiming 
expenses of Steam Road Roller including the work charged establishment 
employed orf same shall be recovered from tho oontraotor from the day be- 
takes it over to the day ho returns it. 

(б) Any temporary ffiversion necessary to keep traffic off the berms ahnllj if directed 

by tho officer-in-oharge, bo made and maintained by the contractor on terms 
that shall be approved in advance. 

(c) The tar shall be supplied to tho contractor at Rs. 132 per ton inclusive of tho 

drums free on rail at nearest railway station or storage area that serves the 
miles to bo treated. If those are more than 8 miles distance from the miles 
to bo treated tho contractor will be paid carriage at the rates agreed for the- 
extra leads beyond 8 mile®. The contractor shall be responsible for all 
leakages that may occur during his handling tho tar. If the tar is delivored 
to the contractor at roadside then the cost of carriage for tho whole lead shall be • 
reoovorodfrom the oontraotor at the rates entered for carriage in tho agree- 
monts less the contractor’s abatement. 

(d) Tho tendered abatement shall bo levied on all the rates included in the contract. 

(e) Tho number of mflos entered for the treatment in the contract shall be subject to - 

flltoratiDB as maj be found necessary. 
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Mr, S. G. Stubbs (the Author): Mr. Chainnan and gentlemen: Both 
Mr. Trevor-Jones’ i^apor and mine were written for the Biternational Bead 
•Congress and have merely outlined what was done in the Punjab and 
indicate what we hope to do in the future and they are in no sense a 
thesis on roads. 1 Jiuve little to add to what has been said in these paj^ers 
•but as far as my own paper is concerned, I would like to emphasise that 
•oijinions expressed in it are my own based on my own personal experience 
and arc not the considcivd opinions of the Local Government or of the 
■Chief Engineer. There has been some misapprehension about the speci- 
iication which has been described by me as water-bound premix which 
if. referred to in my paper and rvhich was criticised yesterday. This 
•misconception will partly bo removed when I say that the speeifioation 
.is water-bound proinix and not mud-boimd premix. the process merely 
•consisting of sjironding a 2-ineb tar or bitumen carpet on to water-bound 
■road. The greatest care is needed in the preparation of the base upon 
which the carpet is to bo laid. The base must be firm and stable Init 
unblinded and the surface of sufTicicnt open texture to pennit the carpet 
<0 key on U) it. Tlie object of water is to facilitate intorlocldng but it 
should not he used in excess otherMise mud is bound to be forced into tlie 
carpet with disa.strous results. Some 20 miles of this specification has 
been laid in my circle and there is only one ease of failure and that was 
oil the Kalka-Siiula road, about .o miles from Simla. The chief reason of 
■this failure was due to the fact that traflie was not 1« pt liff the ba^AC during 
.the const ruction and thus int (U’locking was inipo-ssiblc. Besides, the metal 
jmd chips .in this particular section of the road are verv soft and are easily 
.crushed. Tf is really impossible lo lay any sorl of earpet under those 
tconditions. Tliis specification has been described as uusri'>ntifi(! This 
description is far from necurute.. It is no lest; pcientifie than most other 
.•’arpelt; which are just, as likely to fail if they are not properly la’d. Best 
resnlfs have been obtained from tliis specification on Kanknr roads where 
complete, grafting is elTcclod. That is all T have to snv n( ihe moment. 


The following yiaper was also submitted for discussion. 
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(Paper No\ 6.) 

AsphaiiT Hoads. 

By G. Q. 0. 'Adatni, B.A. (Cantab.). 

(Burmali Shell Oil Storage and Distributing Company of India, Ltd.) 

1. The intention of this paper is to present a brief account of the- 
development of the various types of Asphalt Hoad Specifications that 
have been laid or are now under trial in India. The underlying reasons 
for the development of such types of construction will be discussed- and 
an endeavour made to explain where they have succeeded or failed to 
meet certain conditions which are typical of India as a whole or ate 
peculiar to certain parts ,of India only. This entails some consideration 
of the factors which control the selection of suitable specifications, factors- 
such as type and intensity of Traffic, availability of suitable materials, 
economic considerations, etc. 

2. An attempt is also made to indicate the types of construction which 
appear most promising as solutions of road surfacing problems in India 
and which deserve prior consideration in experimental works to be carried 
out in the near future. 

3. This is the first Indian Eoads Congress and therefore, reference , 
cannot be made to earlier papers dealing with the basic theories and 
facts of the technique of Asphalt road construction. Since, however, a 
ti’ue appreciation of the functions of the stone and the binder is essential- 
to a proper understanding of what follows, it is necessary • that these 
should first be recapitulated albeit as briefly as possible. 

4. Function of the stone , — Stone is the traditional road building mate- 
lial and probably will always remain so; it is the Stone which cai'ries- 
the traffic and, hence, all other things being equal, the hardest and 
toughest stone will make the best road. As will be shown later, the 
most important consideration in the selection of a suitable specification 
for given traffic conditions concerns the quality of the available stone; 
the importance of this consideration is obvious in view of the fact that 
it is the stone which is going to prpvide the wearing quality of the road, 

6. The Stones form the weight carrying skeleton but they require 
to be keyed tightly together to provide lateral stability othsiwise they 
will ravel. The Homans obtained lateral stability by using dressed stones, 
such as Stone-Sets, etc., which fitted tightly together and prevented, 
movement but their cost to-day is prohibitive, except under special cnemn- 
stances, especially in view of the fact that they require a rigid loundation- 
to provide a smooth surface. Macadam discovered that if small frag- 
ments of stone, broken to different sizes and of irregular shape were spread 
and forced tightly together under a heavy roller, they would key together 
and provide sufficient inherent stability, through interlocking, to meet 
the requirements of the traffic of his day. 

6. His theory amounted, in fact, tq the reconstruction of the solid 
rook by the use of stones of different sizes in such proportions that the- 
smaller stones would fit into the spaces between the larger stones and, by 
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fitting tightly and having their own voids filled with still smaller frag- 
ments, would v.’edge the intcrlochcd stones firmly into position and prevent 
their displacement under traflic stresses. Tho inherent istability of the 
mass is dependent on the interlocking which, in turn, is maintained by 
tho wedging of the smaller fragments; so soon, however, as the stones 
are free to move through displacement of the wedging material or are 
forced to move under heavy loads, there is no stahiliiy and the road 
disintegrates. 

7. This theory is still tho fund.amontnl basis of nearly pveiy typo 
of road construction. Jiacadnm used water to wash his very smallest 
wedges into position Avhile to-day a binder, Asphalt, Tar or Cement, b 
generally used to reinforce the inlerloclc and prevent moveineul and 
displnceincnt. 

8. Fuiiciion of ihc Asphali . — Tho interlocking of the stone on a road 
can be destroyed in two ways, namely (a) by tho wedging malorinl 
between tho interlocked stones being removed, in wliicli case llierc is 
no lateral support for the interlocked stonop and they move out of 
position, and (h) loads which arc greater than the inhcrcni stability of 
the wedged and inlerlockod stones can carry; siicli loads by sheer 
mngnitudo force the stones and their wedges apart and disrupt thfv 
interlock. 

9. Briefly (a) is caused by fast Irafilo. tho wheels of which suck the 
wedging material from out between the stones on the surface sun, wind 
and rain also help to dislodge this nitiferinl. In (n), fhcref"ii>, di'snitegra- 
tion commences on tho surface and gradually work*; downward«. In the 
case of (b) the damage is generally duo by slow moving, narrow iron 
tyres; tho small hearing surface of the narrow rim in(onsifi>-s- th» load 
and disrupts the inlorlock by sheer weight. 

10. A combination of (a) and (b), that is a road carrying inixo)d tnilFic 
is tho most disastrous, for the. fast Irafilo loosens the surface for tho 
iron tyros to break up. 

11. The cure for (a) is to treat the surface of the road with some 
material which will form a proteclivo .skin and so prevent the wedging 
material being removed. Such a slrin must bo impervious to rain and 
moisture, must not “wcothor*’, and must be sufileiently tough to resist 
wear from Ir.alTic using the road for, the moment, tho skin is Inokr-u. the 
material wedging the stone into position is exposed, liable to l)c removed 
and so allows tho commencement of disintegration. This l.vpe of treat- 
ment is laioAvn ns surface treatment. 

32. In the case of (b), in order to strengthen (he wedging oftoct of the 
smaller stones and help to keep them and the largo stones from being 
disruplod, a binder. Asphalt, is introduced into tlio roiul itself .ond wliich, 
tlu'ough its binding powers, will hold the stones logolher and prevent 
their displacement. 

13. Two viain iypes of Anphilt construct hu. — It, will he appreciated 
from the foregoing, theroforo, that there arc two main types of Asphalt 
construction, namely (1) the protection of tla* surface of the road only 
and (2) the incorporation of tho Asphalt into the body of the road itself 
TO incronse the resistance of tho alone to displacement from Irnfilc 
stresses. Thom are, of course, a great many varieties of these two 
main typos. 
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14. Types of oonstniciion used h India up to 1930. — In India, up io 
J930, outside one or two large cities and some si)ecial ivories such as the 
Gawnporc-Jhansi Eoad and the Nili Bar Project there were only two 
types of Asphalt construction used, namely, Single and Double C.oat 
Surface Dressing for light traifie roads, and Grouting or Somi-Grouting 
for medium and heavy traffic roads. The former merely consisted of the 
spreading of a thin layer of Asphalt in either .one or two coats on the 
surface of the road and blinding with stone or bajri chips. The latter 
was an attempt to incorporate the Asphalt into the body of the road by 
first spreading the stones and then pouring the Asphalt over them so 
that it would trickle down and coat all the stones. Either ITot Asphalt 
or Emulsified Asphalt was used. 

15. This period was devoid of any experiments with new specifications 
and really amounted to being a period during which Indian conditions 
were being watched and the defects of these methods to meet local condi- 
tions studied with a view to ascertaining what would be the most promising 
line of experiment. 

16. Criticism of Single Coat Surface Dressing. — The scope of Single 
Goat Surface Dressing hag been found to be definitely limited under the 
following headings; — 

(1) A Single Coat of Surface Dressing requires to be laid on a 

well consolidated macadam road, or a surface which contains 
plenty of firmly embedded metal or gmvel. otherwise a 
priming coat is required which adds to the cost. 

(2) Since a Single Coat Surface Dressing is usually earned out 

at not more than l/3rd gallon per sq. yd. the film deposited 
is thin and, therefore, the contour ot the treated surface will 
confoim to ihat of the base. Hence if a smooth, triu- surface 
is required, it is necessary first to re-secti,on the base. This 
means that the salvage value of an old road often has to be 
saci’ificed, besides the expense of re-sectioning. 

(3) The film of Asphalt being thin it can only be expected, in 

all fairness, to carry motor traffic with a very minimum 
of iron tyred traffic. Iron tyres quickly cut llnough the 
very thin film. 

(4) The argument is advanced that, because a Single C.cat Surface 

Dressing is initially inexpensive and the cost of repainting 
low, it is cheapest in the long run to lay a single coat and 
repaint from year to year or every two years or three years 
depending on the volume of traffic. The effect, however, 
of repainting is eventually to build up a thiclt mat which 
is excessively rich in bitumen and will wave and corrugate 
under traffic. 

17. Recommendation. — Single Coat Surface Dressing should only be 
used in cases where traffic consists of mbber tyred vehicles with only 
a very small percentage of light iron tyred traffic. Single Coat Surface 
Dressing is the cheapest type of Asphalt construction and i? of definite 
value on certain light trafficked roadr such as Cantonment and purely 
residential roads where iron tyred traffic is largely excluded. If it is 
found that a single coat will not last more than two years without 
repainting then an alternative type of construction should he considered 
as is recommended further on. 
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13. Griticisin of iuw coat surface dressing.— (1) Whereas by using a 
large' size stone i" to for blinding the first application of the Asphalt 
•an appreciably thick mat cfii be built up which will cope with certain 
unevennesses of the base, it is generally necessary to ra-section the 
base before layhig the dressing. This costs money as well us losing the 
salvage value of the old base. 

19. (2) An exeesbivo (luantily of Asphalt has to be used in two-coat 
-surface dressing even to obtain the .r to f" thickness of the construction. 
Allowing n first application of J gallon per sq. yd. and a second of l/3rd 
, gallon and blindage at 4 and 3 cub. ft. per I'OO sq. ft. it means that 
•approximately 05 lbs. of Asphalt are required to coat and absorb say 
7 cub. ft. of stone or a little more than 9 lbs. per cub. ft. By methods 
•described later on, it would be possible to coat 20 cub. ft. of stone with 
the same quantit.y of Asphalt and so build up at least a 1^' thick mat. 
The moth.od therefore is most uneconomical. 

20. (3) Although this method give:- a stronger surface than single coal, 
it is not strong enough to carry any niii^reciable volume of iron tyred 
■traffic. 

21. Recommendation , — Two coat surface dressing should be discontinued 
ior it is a most uneconomical type of construction and does not give value 
for money. 

22. Criticism of grouting methods . — ^As already pointed out, Grouting or 
•Semi- Grouting was employed universally in India prior to 1930 for heavy 

traffic or medium .heavy traffic. Whereas very satisfactory results have 
•been obtained with this method on all except very heavy trafficked I’oads 
it has f wo serious defects^ namely, that it is a waslefully expensive method 
-and also that it can never hope to cope with really lieavy traffic. The 
reason for both these defects is the same, namely, that an excess of 
Asphalt has to he used; that is to say an excess as compared to oilier 
•methods. In the grouting or penetraiion methods Ihe stone is fi»st spread 
cn the road and the Asphalt poured over it in order thal it may flow 
■down through the intersiices and reach and co.at the lowest haver of sione. 
Tn the case of Hot Asphalts, the intersiices between the stones have 
be left I'ather wide so as not t-o impede the flow of the quickly cooling 
Asphalt and hence, apart from the excess of Asphalt due to the fact that 
-some goes merely to fill the voids, there is no groat density of stone since 
the use of small stone would block the. interstices. With Asphalf emulsions 
matters tire improved because the emulsion, being applied cold and of low 
viscosity, will flow down through coinpni’aiively small interstices and 
therefore a dense graded stone can be used. 

23. Generally speaking, a 2i" consolidaied grout requires at least H 

gallon per sq. yd. for the gi’outing, exclusive of ibp subsequent seal. 
Allowing 25 cub. ft. of stone per 100 sq. ft. tliis means lbs. cf 

Asphalt per cub. ft. Uy other methods not more than S’.*) lbs would be 

required and a saving of 5 gallons per 100 sq. ft. effeefed. The same 

-quantity of emulsion would be required as of Hot Asphalt at least and, 

-although the quantity of bitumen depo-sited would be loss, there womd 
still be the extra cost, because of the exti’n 5 gallons of emulsion used for 
100 sq. ft. 

24. The same arguments nppl.v in the case of a Semi Grout. 



25. Gonclvsion. — The Grouting Pfe/ietratioii method is a thoroughly im- 
ecouomical metlmd apart fi'om the fact that it does not provide the same- 
strength as other methods which are to be described ; in fact the excess of 
binder which makes it uneconomical also is detrimental to the strength for 
it acts as a lubricator and, under heavy traffic, waving occurs. Grouting i.s. 
new almost entirely discontinued in India. 

26. Tre7id of specifications since 1930. — Since 1930, experimentation has 
been carried out, both officially and by those commercially interested, with, 
a view to finding suitable specifications which will allow not only the 
laying of a denser and, therefore, stronger mat but also a reduction in costs 
by using less bitumen. The obvious means of achieving these wa.3 to pre- 
eoat the stones before laying it on the road. Hence experiments have 
almost entirely been directed in this direction : there have also been 
experiments whose object was to increase the dcnsit3’^ wiihout materially 
reducing the quantity of binder, but in such cases there have been 
exti'aneous circumstances which enabled savings to be elfected 
in other directions than in the saving of binder. Armour Coat and retreads- 
are examples of this. These will be dealt with later. 

27. Advantages of prc-cnating aggregate. — ^Brieflj', as already stated, the 
advantages of pre-coaling the aggi’egat-o are (1) a very densely gi'adcd aggre- 
gate can be used (21 pre-coating allows the provision of the thinnest film of 
binder consonant with maximum binding, (3) by using a thin film of binder 
there is a sa\’ing in cost through reduction in the quantity of binder required 
and (4) danger of rutting or waving under traffic is avoided if there is no 
excess of binder. 

(I) As has been stated under "Function of Stone" the ideal is to 
reconstruct the solid rock and, vherefore, the denser the mat the stronger 
it -udll be. In order to attain maximum density it is necessary that there 
should be a minimum of voids and hence a densely graded aggregate should 
contain fragments of stone varying in size in their correct proportions from 
li" to 2" right dou-n to fine sand or filler. The pi’oportions of each size 
requwed can be found by calculating the percentage of voids in each gnuge- 
of stone and using only so much of the smaller size as w'ill fill the voids in 
the size above. It can easily be appi'eciated that to coat each particle 
of such a densely gi'aded aggregate bj' first spreading the aggregate on the 
road and pouring Asphalt over it is out of the question, coating alone can 
be effected bj' mixing with Asphalt in suitable mixers before being spread 
on the load. 


(11) By mixing the aggregate and binder together in a suitable mixing 
arrangement it is possible to ensure that every particle of aggregate is 
coated with a uniform film of binder and that the thiclmoss is only so 
great as will piovide a maximum bind. 


28. Special quality of bmder required for pre-mixing.— In order to coat 
an aggi-egate with a binder it is necessary that the binder should be of 
sufficiently lou- viscosity during the mixing operation to allow a thin ooatinp 
of binder to be given to each particle of nggi-egale. (The question of 
emulsions for this purpose will be dealt with further on; the following 
remains deal with Hot Asphalts). If an ordinary straight Hot Asphalt 
were to be brought into contact with a cold aggi-ogatc, it would immediately 
thicken and become too viscous for mixing. It ig obvious, therefore to- 
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prc-eoat an aggregate it is necessary either to heat the stone to the same- 
temperature as the Asphalt or, treat the Asphalt in some way that it will 
not he too viscous when it is mixed with the cold stone. The former is- 
known as Hot-Mix and the latter, for want of a better name, will hc^re be 
called Cold Mix although it is only the stone which is cold. 

29. Uot-Mix . — Until comparatively recently all pre-mix work was done 
on the Hot-Mix principle. But to heat the stone to the same temperature 
as the Asphalt requires a very large, expensive and cumbersome plant which, 
at the best can only be semi-stationary. Such a plant, therefore, can only 
be justified where there is annually a large programme of pre-mix within 
a radius of a few miles of the depot m wliicli the plant is situated. It 
is only in large Munioipalitios such as Bombay, Calcutta, Madras, etc., 
that such a state of affairs exists and the establishment of a hot mix plant 
is justified. As this paijor is chiefly concerned with r'jad work ouls.de 
Municipalities it is not necessary to make further reference to Hot-Mix., 
In view of recent developments in cold mix methods there really is not 
now any advantage in the Hot-Mix method except perhaps in dealing 
with sheet asphalt probably a rather thinner film can be given with hot- 
mix than cold mix and so shows some saving in cost, otherwise there are 
few real advantages. The cost and bulk of the plant puis it out of consi- 
deration for works in India outside the Municipalities. 

30. Cold Mix . — ^Here the stone is used cold and the Asphalt has to be 
specially treated so that it does not become too viscous during the mixing 
operation. This is achieved by adding a solvent, generally of the Kerosene 
or Gas Oil type to the Asphalt. This is known as Cutting Back and has 
the efl'eet of thinning the Asphalt so that it remains of low viscosity even 
at comparatively low temperatures. After spreading on the road and 
consolidation the solvent goes off leaving the Asphalt of its original penetra- 
tion. The quantity of solvent used which is one of the most important 
considerations depends on a number of factors which are discussed fully 
under different heads. The more solvent that is used, the easier is the 
mixing but the longer will the road take to harden up or “Set”. 

31. Emulsion Mixes . — ^Emulsions are of low viscosity at normal temper- 
atures and therefore there is no question of thickening from the 
temperature point of view'. But there arc two important considerations 
in regard to emulsions for mixing purposes, namely (1) rate of break and 
(2) viscosity. 

(1) “Bate of Break ”. — ^Normal emulsions are of the “quick break” 
variety and, if they were used for mixing with aggregates consisting of graded 
particles, they would break almost immediately ; the Asphalt would 
coagulate and there would be no proper coating. The greater the percen- 
tage of fines in the aggi’cgate, tho greater is the effect of breaking the 
emulsion. The mixing of graded aggregates necessitates the use of a “slow 
break” or stable type of emulsion. 

(2) Viscosity . — Consideration has to be given to the viscosity of the 
emulsion in pre-mixing. A coarse aggregate requires a more viscous 
emulsion than a fine aggregate, such as sand, because, if the emulsion- 
is too thin it tends to flow freely off tho big stones before depositing a thick 
enough film of Asphalt. To coat fines it is necessary to have_ a thin 
emulsion and the viscosity is often ''educed below normal by dilution. 
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These, laclors require sjjecial atleniion and different combinations of 
^coarse and fine aggregates require different viscosities of emulsion j this is 
'Usually done by auanipulaling the viscosity by dilution with water. 

32. Plant required for prr-viixing.—lb has already been mentioned that 
Uot-Iilix requires an expensive plant costing at least Bs. 50|000, in order to 
'heat the stone; the following applies, theroforc. to the cold mix types. 

33. Cut-Backs.— The plant for mixing the aggregate .-md the cut-back 
depends very largeh on the percentage of solvent in the cut -back. A 
heavily cut-back Asphalt mixes easily and mixing can be carried out either 
by hand, in a concrete mixer or in oscillating or revolving -iO-gallon drums. 
When the solvent content docs not exceed 10 per coni, the asphalt w'juld 
■be too stiff to mix easily and a piig-mill type of mixer is required. 

34. Tho question of idant is an iniporlant one .md will be mentioned 
•again later for it enters the discussion on ihe question whether a quick-set 
road, which entails relalitoly costly phnil, is of grenler demand than a 
slow sot road wliich requires cheap plant. 

35. Actually, apart from the initial cost of about Rs. 6,000 for a pug- 
mill type of mixer, such a mixer will turn out MO to 200 batclies a day, 
■each of 5 eub. ft. capacity, making nn output of 7.50 to 1.000 cub. ft. per 
day. An oscillating drum at the very most will turn out 100 cub, ft. and, 
therefore, 8 to 10 drums arc required for (he output of on? mixer. This, 
however is all referred to liereaflcr in creator detail. 

30. Emulsion. — Owing to the low viscosit v of 'Miiulsinns mixing can be 
done by hand, in diuins or in a concrole mixer and no difficulties apart 
from the adinstmenl of tin- viscosity generallv aii-e A '-inhle emulsion 
therefore Jias a distinct advantage over cut -backs from the point of view of 
case of mixing by hand, .ilthough if done in a mixer the out-put would be 
scarcely gi'cntor than in the case of cuf-b.acks. 

37. Dipping Process. — Mention mnst be ir.ade here to (he Dipping 
Process as a means of coating aggregaMs with emulsion.s. By this process 
the aggregate is placed in a perforated liucket and dipped into the emulsion 
tiniil all particles have come into contact with the emulsion. Excess is 
then allowed to drain off and the c Mited aceregate spread on the road. 
The purpose of the Dii>ping Process is to avoid the stone coming in \nalent 
contact with the omnlsion, as would occur in ordinary mixing, and so can.so 
the emulsion, which is not a stable one, to break; in other words it is 
used in cases where it is desired to obtain a ]iro-eoated efi'cct with a qnick- 
break, unstable emulsion. Further reference is made to this process. 

38. Types of pre-vuT . — There are three main division.s of pre-mixes 
•available for road construction pui-poses in India : — 

1. The concrete type — Asphaltic concrete. 

2. The Macadam type — ^Asphalt Macadam. 

3. Tho Sheet or sand carpet type. 

It is necessary to explain those in some didail for a thorough nndersiandiug 
is osse-ntial when considering; the most snilable types of construction for 
certain conditions of traffic, aggregate, etc. 

39. The concrete type. — ^The concrete type aims at density and, thero- 
‘fore, the aggregate generally consists of coarse and fine aggregates in such 
-.proportion that ihoro is a minimum of A'oid.s. The types of aggi-ognte used 
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consists of stone, ebippings, sand and filler, the intention, being that the- 
clippings fill the voids in the stone, tlie sand the voids in the chippings and- 
the filler the voids in the sand. The thoorclical proportion of each of these 
diSerent sized fragments, can easily be calculated by measuring. the voids 
in each of the different sizes: theoretically, therefore, it is possible to 
produce a voidlesg mass for the binder will fill the voids in the filler. All 
orthodox text boohs on the subject of thal design of asphaltic concrete 
emphasise this necessity for density by the use of a very carefully graded 
aggregate and all hot-mix asphaltic concrete jobs follow this theory religi- 
ously. What follows is a personal opinioir but, although it is rather against 
all orthodox theories on the subject, the opinion has been developed dunng 
a very , close study of the behaviour of asphaltic concrete roads in India 
and experience with constructions following this new theory has been amply 
justified. 

40. While there is no questiuu as to the soundness and correctness of 
the ihcorij of eliminating voids by the use of a carefully graded aggregate, 
there is- a very great diffeulty when it comes to practice. The quantity 
of each sized aggregate can be detenniued easily and coiTCctly enough by 
measuring the total of the voids in the stone whose v-uds are 
to be filled, but it is iinpo.ssible to measure the size and shape 
of the individual voids into which the individual fragments of stone 
are to fit, for instance, suiqiosc the largest size stone to bo used is oi^ 
14" to 2" gauge and the volume of voids in it found to be 45 per cent 
then, according to the theory, the quantity of the next size should be 45 
per cent less the volume of asphalt required to coat the large stone and' 
intermediate stone. But neither the theory nor the void test gives any 
indication as to wdiat size of stone should be used for the purpose. Herein 
lies the difficulty for obviously, if too large a stone is used, instead of fitting 
into the void formed by the interlocked larger size stone, it will prevent 
the larger stone from interlocking tightly iogelhor. A further difficulty in 
practice is that wdiile it is simple enough to ])ut the ingredients into the 
mixer in their proper projnrtions, when the ny’x comes out, especially after 
spreading on the road, there is no means to ensure a uniforaa distribution 
of the ingi-edieiits on the road : in other words to prevent segrcg.otion. 
If there is segregation then all the toil and trouble of calculating voids, etc. 
is of no avail. 

41. It must be remembered that the strength of the mat is dependent- 
on the interlocking of tljc large stone, and that the purpose of the smaller 
fragments is to fill up the spaco betw'een these largo stone and prevent 
their mo^dng; if the effect in practice on the road is for the intermediate- 
fragments ,to tend to got between the large fragments and interfere with 
the interlock, they are doing moi’e hnnn than good. There have been- 
cases in India, tlie asphaltic concrete on the Cawnpore-Jhansi^ road laid 
in 1925 being an example, where a most carefully graded asphaltic concrete 
containing the minimnm of voids and the correct percentage of hinder has 
eventiinlly tracked under concenti'ated bullock cart traffic; similar oases 
have also -occuiTcd in Bombay and Calcutta. Investigations have shown that 
there was nothing at fault with the grading of the aggregate and that the 
coiTect penetration of hinder had been used ; it w'ns noticed that tim traclang- 
only occurred where there was very heavy iron tyred traffic which followed 
in its own tracks. Crndnnllv tlie theory w^ns evolved that the tyres 
breaking the interlock of the stones and pushing them apart; the interlook- 
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aiot being as effective as it should have been to withstand such severe 
4>raffic. It soon became obvious that it was necessary to alter the design so 
as to eliminate any factors which might be tending to interfere with the 
interlock. Eventually a solution was found and which has proved itself 
-■under the most concentrated iron tyi'od ti'affic. This was to eliminate 
the intermediate sized fragments altogether and to use only a mixture 
•of large stone and sand. The advantages of this procedure are that there 
is nothing, provided the correct quantit.y of sand is used, to prevent the 
intei'look of the large stone and that therefore maximum interlock is assured. 
-A mixture of sand and asphalt makes a good mastic and this mastic will 
easily fill into the voids and mould itself to the exact shape of the voids 
-SO that they are exactly filled After the set of the asphalt this mastic 
sets very hard and so effectively locks the large stone into position. It 
is recommended, therefore, ihal whenever an asphaltic concrete' tyre of 
construction is to be used in India the aggregate should consist only of the 
largest sized stone consonant with the thickness of the finished carpet, 
say, two-thirds, and a medium sand, sufficient in quantity to fill the voids 
in the .stone with no excess to cause bulking. Slone gener.'illy has about 
4.5 per cent of voids and so allowing a small excess of sand to fill the surface ' 
voids and form a seal the usual liroportions recommended are 2 parts by 
'volume of stone to one part of sand. Using a eut-back with a solvent 
content of loss than 8 per cent, to ensure a q>iiek set-up on tlic road, the 
quantity of asphalt required to coat the stone is 3 to 3J lbs. per loose 
cub. ft. while the sand requires 6 to 0 lbs. per cub. ft. dopendont upon 
•its fineness. 

42. In designing this improved form of asphaltic concrete it was also 
necessary to devise a ine.ans wherebv tliere would be no segregation of the 
stone and sand at the time of spi'eading. This lo-as obtained by first coating 
the stone with an excessively heavy coat of nsplialt and then adding the 
sand after which a further small quantity of asphalt was added ; the effect 
■was that the sand adhered to the- stone which "was coated with the excess 
of asphalt and so was distributed evenly throughout the mix, each stone 
carrying sufficient sand round it to fill the void between it and the other 
stones when forced tight against them under the roller. The sand at the 
•time of mixing being a malleable mastic easily moulds itself to the shape 
of the voids. There is one point of importance to be remembered in this 
-technique and that is that the asphalt used must be rather \’iscous at the 
time of mixing otherwise it will not hold the sand to the stone and there 
v.all be some segregation; it has been found that. a cut-back with not more 
•than 8 per cent of solvent has the requisite viscosity. 

43. Summarising, the type of asphaltic concrete recommended for Indio 

is that the aggregate should consist of Inrge stone and sand only, there 
being only sufficient sand to fill to tbe voids in the stone and proridc a thin 
seal. The asphalt at the time of mixing should be sufficiently viscous to 
'hold the sand to the coated stone. The mixing procedure should be first 
•to coat the stone with two-thirds of the total asphalt required, then add 
the sand and continue mixing until it all adheres to the stone' and then 
'finally, add the balance of the asphalt. ’ 

44. Macadam type.— The macadam type makes use of stone only and 
the large stones are held in place 'ti'ith smaller stones, no sand 'being 
incorporated. This type of construction therefore is not so dense as the 
concrete type and so not so well capable of carrying heavy iron tyred 
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traffic. In rtcw ot the fact that it contains no sand, considerably less 
asphalt is required and it is therefore a cheaper type of construction. 
Asphalt macadam consists of a base course and a surfacing course the 
latter being required because there are more open voids on the surface 
through the omission of sand; the surfacing course may either be of coated 
chippings or of a liquid seal. 

Bdsc GouT86t This consists of two sizes of stone, a large stone which 
provides the interlock and a small stone to wedge the larg^ stone into 
position. Here again there is danger of the smaller stones interferinf with 
the interlock and they should be used rather sj-aringly especially If the 
surfacing course is to consist of coated chips. Generally speaking, if the 
available stone is of good hard quality, the composition of ^e base course 
should be about 65 per cent of large stone and 85 per cent of the small. 
The quantity of asphalt that the stone requires is 3 to 3i lbs. per cub. ft. 
It should be explained here that there is not the same concern with regard 
to the smaller stone interfering with the interlock of the large stone as 
in the case of the concrete types because the macadam construction is not 
generally used for such heavy traffic and so can better afford a slight inter- 
ference with the interlock. 

Surfacing Ooiirsc.— As aheady mentioned there are two types of sur- 
facing course and these are explained below. 

lAquid Seal . — ^AJter the base course has been spread and rolled, the 
surface is blinded with dry chipijings at about 4 cub. ft. per 100 sq. ft. and 
rolled again. The object of these dry chips is to fill the surface voids and 
help to key the stone in the surface into position. A seal is then applied 
4it about i gallon per sq. yd. and blinded with fine chippings. 

Mixed Chip Seal . — In this method as soon the base course is spread 
and rolled to ^th inch chippings coated with Asphalt at the rate of 
3^ to 4 lbs. of asphalt per cub. ft. are laid at the rate of 6 cub. ft. per 
100 sq. It. and rolled well into the base course. There is really little 
lo choose between the mixed •and the liquid seal. The former requires 
from 2l to 24 lbs. of asphalt per LOO sq. ft. while the latter takes about 
30 lbs. blit, if the work is to be done shortly before rain is expected, or 
if there is not much fast traffic on the road to help to seal the coated 
■chips, it is wiser generally to use the liquid seal which ensuves a com- 
plete seal immediately. 

45. Sheet Asphalt Type , — Strictly speaking, the sheet asphalt type of 
construction uses sand only and is not usually laid to a greater depth 
than 2". A sand cai'pet has a very smooth surface immediately after 
rolling and does not require to be polished by traffic. It is of particular 
•value for foot paths, drivers, etc., but it is also proving very successful for 
medium trafficked roads in India anil will carry appreciable iron tyred 
traffic. In India this sand carpet has been amended to meet certain 
•local conditions. In many parts of India broken stone is not only expen- 
sive and difficult to procure, especially in the smaller sizes, but the 
quality of the stone is unsuitable for road purposes, whereas sand is 
■plentiful and cheap. A sand carpet therefore is invaluable in many parts 
of India and will give better results than a stone road. The uTtat dis- 
advantage of a sand carpet is, however, that the sand requires from 6 o 
^ lbs. of Asphalt to the cub. ft. to coat it and, therefore, the cost is 
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excessive. To get over this diffieully in India stone is added to the sand 
but only in such proportions that the slonc is not the weiglit carrying 
skeleton; the sole function of the stone is to take up space, displace 
some of the sand and so reduce the quantify of asphalt required. The 
usual proportions are equal volumes of stone and sand; with this ])ropor- 
tion of stone there is no question of the stone interlocking and carrying 
the wear of the traffic, it is merely emboded in the sand and taking up 
space. Therefore, provided the stone is not as soft as hunliar, which 
would crush under the mitial rolling and leave uncoated jiatclies iu the 
enriJet, any kind of stone or grave] will serve Ihe purpose. This type of 
construction is being found of great value in many parts of India wlicro the 
quality of available stone is bad. 

4G. The mixing operation follows that of tlio concrete typo, that is to 
say the stone is first coated and the sand added after, but in this case the 
purpose of the sequence is not so much as to cause the sand to adhere to 
the stone and so prevent segregation as to ensure tiuit tlie stone docs gee 
some coating'; if the stone and sand were fed in together the sand would 
absorb all the asphalt and leave the stone entirely nneoated. I’herc is one 
other point of importance and ihat is that only 2.1- lbs. of iisphalt per 
oub. ft. are allowed for the stone as against the 3 to 31 lbs. allowed in 
the other typo, the reason for this is that a <5 tlic stone onl.y ads as a 
sxiace filler to displace sand, it does not require the same thickness of 
film. 

47. The saving in asphalt obtained by adding tlie stone is very consider- 
able, for instance, for u IJ inch consolidated thickness 10 cub. ft. xicr 100 
sq. ft, of sand would he required which at t) lbs. per cub- ft. would 
amount to 144 lbs. By using S cub. ft. of sand and 8 cub. h. of stone at 
9 lbs. and lbs. per cub U. respectively only 92 lbs, of asphell would 
be required. 

48. Armour Coat Retread Methods . — The three tyjics of construction 
described above arc best suited to cui-backs. It is xiossiblc to make these 
pre-mixes with emulsions, especially the macadam typo provided a suit- 
able stable emulsion is used. When it comes to incor|)orating sand or 
other fines in conjunctiou with coar.se stone, difficulties arise over viscosi- 
ties, etc., and very skilled supervision is required for each and every job. 
"When, therefore, an emulsion is desired to be used and the same 
extent of density obtaiued on the load, a special tj-pe of couiitruction is 
generally used which avoids the actual pre-mixing; these are given a 
variety of names but they arc all very similar whether they are Armour- 
'loat, ISuilt-up-mat, Eetread, etc. 

49. In these types' of construction the largest sized stone is Or-ot spread 
on the road and some fines scattered over them so that they fall into the 
voids. An application of emulsion is then given and an intermediate size 
stone scattered on so as to go into the voids of the stone. The fine.s which 
were first scattered on, were not intended to fill the voids but merely to 
be there so that when the intermediate stone was spread they would, 
in combination with them, help to fill the voids. After the >ntermedi.'ite. 
stone has been spread another application of the emulsion is made and 
blinded with still smaller stone. So the operation goes on using every 
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size of stone in turn and making an application of emulsion after eacb 
application. By this method it is possible to build up a very dense mat 
consisting of stone and sand and it can be built to any required thick- 
ness. No plant except sprayers with which to apply the emulsion are 
required. The only comments adverse to the method are that a range of 
graded stone is required and that rather more emulsion has to be used 
than in the case of pre-mixing. It builds, however, a good strong carpet 
provided the available stone is strong and tough. Further reference is 
made to this method later. 

60. The above describes the main types of construction u-ith which 
experiments have been carried out during the paist four years; the experi- 
ments have of course epvered many varieties of these types ag well as 
means of pre-mixing such as plant pre-mix, drum pre-mix, grader pre- 
mix,. etc. Experiments also covered the thickness required for various 
traflBc conditions as well as the applicability of the methods tc locally 
'available materials. It is impossible to go ^to all these here but the 
results of the experiments are referred to later in the discussion on the 
suitability of certain specifications to given conditions. It is absolutely 
necessary, however, to appreciate and understand the underlying principles 
of the main types of construction described above otherwise it is impossible 
to decide on the- best specification to use for any road job; it has therefore 
been necessary to treat them at some length and in some detail. 

61. TMclcnesa of carpets required in India. — ^Experience has indicated 
that three thicknesses of carpet are required for India; these are, Single 
Coat Surface Dressing, 1 to 1^" consolidated thickness and 2 to 3" thick- 
ness. Of these, as will be explained, the 1 to 1^" thickness has by far the 
gieatest general utility. 

62. Single Coat Surface Dressing. — This is the cheapest of all types 
of asphalt construction and is of great value under certain conditions. Its 
use should be confined to roads such as Cantonment roads, v/here iron 
tyred traffic is restricted to a very minimum. It must be appreciated 
that a Single Coat Surface Dressing is too thin to re-section a road and, 
therefore, it should only he used on surface, s which have previously been 
re-sectioned. A Surface Dressing may also serve a verv useful purpose 
in another direction; in eases where a waterbound road has been com- 
pletely re-made because its shape had passed re-sectioning by a IJ" mat, 
it is usually advisable to allow consolidation under traffic for some months 
before a carpet is laid upon it, but, if there is much fast traffic on the 
road not only is the dust nuisance severe but the macadam may be 
damaged considerably during the cou&oUdnting period. If a Single Coat 
Surface Dressing were applied immediately after the re-making of the 
-vi-aterbound macadam, it will protect the waterbound macadam, hasten 
rensolidation and prove an excellent base when it has worn out for the 
li" carpet. It may be argued that this procedure entails extra cost but, 
the increased strength given to the base and the assurance of perfect 
consolidation will prove invaluable in the later history of the road. 

53. One inch to one-haH inches consnlidnird thickness. — ^This thiclrness 
of .mat is of particular utility to India for two particular reasons, (a) it is 

K 
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sufficiently thick to cope with most unevennesses on old roads and so 
obviates the re-mak;ng of the base and, (5) such a carpet is strong 
enough to cope with the traffic found on most roads in India for it will 
take appreciable iron tyred traffic, as much as is generally found on roads 
outside main cities; it can take -in unlimited amount of pneumatic tyred 
traffic. 


54. The most suitable .specifieatiens for the 1 to li" carpet are of the 
pre-mix type for they allow variations in the thickness to cope with 
inequalities without forming weak spots to a greater extent Ihnn other 
types of construction; for instance, in the Grouting methods or where tl'e 
binder is applied after the stone has been spread, it is impossible to teli 
whether there is a gri^nter or lesser thickness of stone over an inequality 
in the base after the stone has been spread, yet the binder is applied 
at the same rate over the whole, resulting in “fat” and "bare" patches. 

65. 2" to 3" ThichnesR . — Where traffic is very intense with a very 
high percentage: of bullock carts, it is necessary to build up a thicker 
juat, the thickr ess bemg dependent upon the traffic. Generally spealdng, 
such mats should not be more than 3" and 2^" is usually sufficient. The 
methods employed for these thicker mats are exactly the same as for 
the jJ" except that relatively larger stone is used. 

66. Gauge of stone to be used . — ^In all road construction methods it 
is Importano that no stone should be so large or so shaped that when it 
is in position on the road it will be of the thickness of the mat and so, 
of itself bear the complete load of the traffic: no stone is hard or strong 
enough to do this. On the other hand, it should always be borne in 
mind that the greater the individual mass, the greater is the strength 
and, therefore, as large stone should be used as possible, consonant with 
the stipulation stated «ibove In other words, the stone should be of such 
a size that everj’where they are two deep and not more on the road. 
.Since it is impossiblj; lo obtain absolutely cubical stones and every stone 
will be somewhat flattened, it may bo laid down that the maximum gauge 
of the stone should be not more nor less than 2/3rds of the thickness of 
the flnal consolidated mat. 

67. Selection of specif cations . — The selection of the proper specifica- 
ti(.n for any road is iin'marily dependent on the traffic using the road and 
it is necessary to consider the suitability of the locally available aggre- 
g.ites from this point cf view; for instance, if the traffic is only medium- 
heavV but the quality of tlic- stone is poor, it is wiser to use an asphalt 
concrete type of construction rather than a ’macadam. A second con- 
siderntirn is cost and, if the ti-affio is light it is foolish to use a construc- 
tioQ which is more expensive than is necessary; at the same time one 
type of aggregate, say, broken stone, may he so much more expensive 
tlifin another, say, sand, that it is actually cheaper to use an asphaltic 
or sheet asphalt ty'pe of construction despite 'the extra quantity of Asphalt 
that m;>.y be required. It is necessary, therefore, to have a clear idea 
nf l,he quantities and types of aggregate, as well as of binder, required 
for tne various available Specifications; a table is given below which 
indicates these clearly for an area of 100 sq. ft. 
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'TabU showing quaniuies of materials required, 'per 100 sq. ft. for different 
methods of construction laid to a comoHdated thickness of lY-' 


. irpt.iiod 

of 

Construction. 

, AfEercgatc 

1 

• 

Binder. 

Average 
Binder 
per cub. ft, 
of 

Aggregate. 

■Single Coat Snrfacc 
Dressing. 

1 

Blindage 

. S 

cub. ft. 

® 1/3 gal. pet sq. yd. 

37* 

5 lbs. 

7-6 lbs. 

Asphaltic ' . 

Metal . 

. 15 

cuh. ft. 

@ 3 1/3 lbs. per cub. ft. . 

48 

lbs. 

S-83 lbs. 

•Concrete 

Sand . 

. 7- 

5 

® ^ * It ft • • 

07-6 „ 



Total 

. 22- 

S cub. ft. 

Total 

115-5 lbs. 


'AsplMltlc t 

Metal . 

. IS 

cuh. ft. 

@ 3 1/3 lbs. per cub. ft. . 

48 

lbs. 

3-5 lbs. 

Afacadam . , .• 

Chips . 

. 0 

»1 

®*l/2 „ „ , 

20 

II 1 


'Mixed Seal. 

Total 

. 21 

cub. ft. 

Totol 

74 

lbs. 


lAsplmltlc 

Atetal . 

. 15 

cub. ft. 

@ 3 1/3 lbs. per cub. ft. . 

48 

lbs. 

3-Slbs. 

‘AIttcadam . 

Chips . 

. 4 

1 

l» 

Seal ® I/S gal. per sq. yd. 

37' 

6 r. 


'Liquid Seal 

Blindage 

. 3 

M 






Total 

• 22 

cub. ft. 

Totol 

85-5 lbs. 


.Sheet Asphalt . 

Aletal . 

. 8 

cub. ft. 

@ 2 1/2 lbs. per cub. ft. . 

20 

lbs. 

5- 75 lbs. 


Sand . 

. 8 


® t> II l» • 

72 

If 


i 

Total 

. 10 

cub. ft. 

Total 

92 

lbs. 


!c\rmoureoat . 

1 

Afctal . 

. 10 

cub. ft: 

Tork Coat ® l/5tli pal. 
per sq. yd. 

22 

lbs. 

0-1 lbs. 

AVIth Emulsion 

Chips . 

. 3 

•t 

Ist application @ 3/81b 
gal. 

42 

»l 



Grit . 

. S 

*• 

2nd application ® 3/8tli 
gal. 

42 

• 1 



Blindage 

. 3 

s t» 

Seal ® ]/Stli gal. 

22 

II 



Total 

. 21 

cub. ft. 

Total 

128 

lbs. 



* Tlili Is the miYlinum ; sani takes between 0 to 0 lbs. per cub. ft., iisiinllr 7 to 8 lbs. 

-f If this type of construction Is done just before the monsoon or If there Is only a little pneumatic 
'tvre'l trafUe, It should be sealed with asphalt at 1/Sth gallon per sq, yd. and blinded with Inijri nt 3 cub. 
ft. per 100 sq. ft. This niters the llnnl figure to 4 lbs. 

.V.B. — Where emulsions arc used the quantities required per cub. ft. of aggregate slionld be increased 
■by '15 to 20 per cent. ■ . 


68. Traffic. — ^Experience ' has shown that fhe various intensities o£ 
. traAifi shown nelow require the following tvoes r»f construction: — 

Heavy Bnlldcli co’-t .. . Asplmltin Conerolo Type of Construction. 

Medium RuUook C.ni Heavy Macadam Type of Constraotion Armoir*coat. 

Motor Lorries. 


Modiura-Li^ht Bullock Can Sheet Asphalt. 

He.qvy Motor Lorries. 

Medium .Motor Traffic Light Surface Dressing. 

Bullock CnrtB. 
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i'or heavy BuHoeL tarts it is absolutelj' essential lo have the densest 
possible mix so that the interlock cannot be disrupted by the loads and^ 
therefore, the asphaltic concrete type of construction only should be used. 

69. Aggregate . — ^The quality of the available aggregate plays a most- 
important pars in the selection of the specification; too freqviently in- 
sufficient attention is piven to the aggregate, and specifications are used- 
vrliich are unsuited tj the quality of the stone. 

CO. A macadam type of construction should never be used unless the- 
stone is of the very toughest varietj' or if the traffic is comparatively light; 
the reason for this is that however -n^ell graded a stone aggregate may 
bo, it is not so dense us in the asphaltic concrete type and, if one of the- 
larger stones fractures under a heavy vehicle, the stability of all the stones- 
around it is upset because the interlock is weakened and a pot-hole quickly 
develops. 

Cl. In the asphalt concrete tj'pe, however, the sand mastic fills the 
voids between the stor er completely and sets so hard that even if a stone- 
does fracture, the two parts of the stone cannot move apart and the 
stability is maintained. Stone such as is found in and around Delhi 
appears very hard but yet splinters and l>-actures easily under traffic and. 
tbis is the reason wliv macadam types have not proved so satisfactory 
as the asphaltic concrete or Sheet Asphalt t 3 *pes. An examination of the- 
surface of Hamilton Eoad will show a mosaic surface and it will be noticed 
that practically every stone that shows is badly splintered yet, because 
the sand mastic holds them together so tightly the whole stone is held 
togoiherand not allowed to disintegrate. It is alwa.vs advisable, therefore, 
when there is any doubt whatsoever over the quality of the stone, to- 
use the asphaltic concrete type instead of the macadam. 

62. The table above shows that actually there is verj' little difference- 
in the cost of the wo methods because although the asphaltic concrete- 
typo may use more usphalt in the main body, the macadam type requires- 
a stal. 

63. Where stone is definitely poor in quality then the Sheet asphalt- 
type of construction vbould be used because the sand will take the wear 
of traffic and the stoufs has no other function than to take up .‘space and 
effect a sa-ving in the quantity of the binder required. The above may- 
be summarised as fo!h-ws: — 

(1) The macadam types should only be used when the stone is of 

th--j very best quality. 

(2) Where thei-d is any doubt n-ith regard to the stone then the- 

asphaltia concrete specification should be used. 

(3) When the stone is poor in quality then the Sheet Asphalt type- 

of construction should be used. 

(4) For heavy- trafficked roads even if very good stone is available, 

it is wiser to use the asphaltic concrete type of construction. 

64. The following is a table which gives the quantity of binder, cut- 
back required to coat 1 cub. ft. loose of various aggregates. Wliere- 
emulsions are used, it w necessary to increase these quantities bv 15 to 20- 
per cent. 
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'Tabic showing the amount of Cut-Bach AspJMi normally required by 

different aggregates. 


Aaercente. 


Sp. Qr. 

Weight of 
llltiimcn 
required 
per c. ft. 

Volninc of 
Bitumen 
required per c. ft. 

’ t 

<1) Motftl . . 

H'tol' ■ . . . i 

2-Sto2'0 

23 to 3 lbs. 

O'OIO c. ft. Aver. 

tZ) „ 

About 70% of IJ* to 1* 
and 30% of J' to i'. 

2-8to2-0 

Si to 3i „ 

0-052 „ „ 

.(S) Snncl . - . 

About 70% pnssliic 10 
mesh screen nnd 30% 
passliie y screen with 
very little passing 80 
mesh. 

2-Sto2'0 

7 to 8 „ 

O-lOtoO-12 „ „ 

•■(4) „ . . 

All passing 10 nieeh but 
with about lTi% there- 
of pasEing SO mcBli 
screen. ) 

; 2‘.'5to2'fl 

1 

Bi to S „ 

O’ 14 c. ft. Aver. 

<6) ,. 

All passing 10 mesh hut i 
with about 30% pass- 
ing 80 mesh 

1 2*5to2-C 

1 

11 to 111 „ 

0-174 ,. „ 

•(0) Elllcr of Portland 
cement type. 

About 8n°a passing 200 
.raesh screen. 

1 3*0to3'l 

13 to l-l „ 

0-208 ., 

<7) nilor of the 
crueller duet 
type but 

Bcrccncd of 

coarse particles. 

All pn.ssing 10 mesh but 
containing about 30 to 
•10% of 200 mesh. 
Such micrs arc usually 
dcQciuit In the Inter- 
mediate meshes. 

1 2 - 8 to 2 -a 

1 

1 

11 to 12 „ 

0 -1"” „ >, 


Jt.B . — 'Vfhcrc emulsions tire used, the quantities ehoDld l>c Increased by 15 to 20%. 

65. Type of binder. — ^There are two types of binder that can be used, 
namely, cut-backs and emulsions;’ these will be dealt with sepiiintely. 

66. Cut-Bachs. — Having selected the type of constructions, Asphaltic 
Concrete, Asphalt Macadam or Sheet Asphalt the next point to decide 
is what out-back should be used; a cut-back ■with a low solvent content 
■or a cut-back with a high solvent content. One of the main factors in 
this consideration, although it is one that is often given to great promi- 
nence, is the question of the plant to be used for the mixing operation 
for a high. solvent content allows the use of any kind of mixing from 
graders, oscillating di'ums, etc., to concrete mixers, while a low solvent 
content necessitates a proper pug-mill mixer. Before discussing the 
•question of plant, however, it is necessary to explain the effect of the use 
•of a high or low solvent content cut-back on the road. 

‘ 67. Loio Setting and Quick Setting Cut-Backs. — ^The solvent takes an 
•appreciable time to come away from the asphalt, the time taken varying 
according to the quantity of solvent in the asphalt. Hence a road built 
with a high solvent cut-back will take much longer to harden than one 
with a low content and this must have serious consideration — a consi- 
■deration which far outw’eighs the question of mixing plant. Apart from 
•the inconvenience to all concerned, engineer and public, from the closing 
•of a road for even one week in oi’der to allow it to set, there is another 
factor that is of importance. A cut-back road requires to have its final 
•consolidation by the traffic itself, no rolling can give the same consolida- 
tion, and therefore with a slow setting road, light pneumatic tyres^ should 
be allowed on firjst, then lorries and finally bullock carts; but it often 
happens that a road carries almost only bullock carts, or the motor buses 
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keep to the centre and. do not use the -haunches; hence such a road never, 
becomes properly consolidated before the bullock carts get on and they 
promptly cut it to pieces. A good example of this was the experiment 
with mix-in-place on the Ehotak road in 1933. Mix-in-pUice with graders 
had proved successful in Baluchistan where traffic is almost exclusively 
pneumatic tyred and it was decided to experiment with the method at 
Delhi to see how it would cope with ordinary Indian conditions. The 
mix-in-place method ^dth a grader necessitates the use of at least 20 per- 
cent. of solvent and so this percentage had to be used; the result of the 
experiment was found to be that aMiough the road was closed to traffic 
for some time and rolled well and did not mark under motor bus traffic, 
as soon as bullock carts were allowed on, they cut it to ribbons. 

68. It may safely be stated, therefore, that for roads which are to- 
carry bullock carts, even if the road can be closed indefinitely and rolling 
continued for days, it is essential that a low solvent content cut-back 
should be used which will allow an almost immediate “set”. A solvent’ 
content of less than 8 per cent, ndll allow a road to be opened to iron 
tyred traffic the next day nnthout fear of damage; preferably not more 
than 8 per cent, should be used. 

69. Since almost all roads in India carry bullock carts, experience 
certainly indicates that it is of the utmost ’ importance that the road 
should set up sufficiently to take bullock carts within 24 hours of comple- 
tion. This means that low solvent content cut-backs should only be used 
despite whatever difficulties their use may entail. 

70. Plant for pre-mix . — The use of a low solvent cut-back entails a- 
proper mixing unit and it is this question of plant which often assumes 
such proportions in the eyes of many engineers that they lose all sight 
of the far greater necessity of a quick set on the road and other import- 
ant considerations which alone can give the road a long life. 

71. Unfortunately, a Pre-mixing plant is too often -visualised as a huge 
unwieldy, very costly contraption; this undoubtedly is due to confusion 
with the t3'pe of plant required for hot-mix. 

72. Actually the type of mixture required for low solvent cut-backs is 
small and can be moved about the road by a few coolies. It merely 
consists of a 7 cub. ft. capacity mixing box and a power unit — usually' of 
the cold starting diesel type; it can easily be di’awn into the side of any 
road and moved along as the work progresses. The cost is about Es. 6,000' 
to 6,500 while running costs amount only to some three or four rupees a 
day. The gang requu-ed for operating it consists of some six men and a 
mistry and it will turn out from 800 to 1,000 cub ft. of mixed material’ 
per day. Compare this with the number of oscillating or revolving drums' 
which would be required for the same output and the horde of coolies 
required which would congest any road. Apart from these considera- 
tions, a mixer ensures far better results, absolutely uniform coating of 
metal and it practically pays for itself by the saving in asphalt effected 
for it -will coat the metal with a much thinner film than can auy revolving 
drum. 

73. That the advantages of the mixer, despite its rather high initial 
cost are be^nning to be appreciated in India, is indicated by the fact that 
there are now some 30 such machines operating in India. 

74. Just as it took time to introduce the steam roller and convince 
engipeers that it was a better proposition, economically and practically 
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than the hand drawn roller,- so it will perhaps take time to appreciate the 
advantages of the mixing unit .over oscillating -and revolving drums. 

75. It must be fully appreciated that the advantages dependent on the 
use of a' quick set cut-back must under no circumstances be Ipst sight of 
by -hesitancy or nervousness over the question of plant. The purchase of 
d proper mixer is the soundest possible investment for it throws open all 
specifications whereas drum mixers limit the scope of specifications and 
this will result in wasteful methods. 

76. It is recommended that in all pre-mix work with cut-backs, the aim 
should be to have the road setruij as quickl5' as possible and that, there- 
fore, a low solvent content cut-back (not more than 8 per cent.) should be 
used. Proper mixing plant should be employed for the purpose, despite 
their aijparent high initial price, because their use not only ensures an 
even mix, a thinner film of binder but also a quick set-up on the road. 

77. Enwhioiis . — It has already been pointed out that a special stable 
type of emulsion is required for pre-mix work and that there are certain 
complications over viscosity where the aggregate consists of coarse ana 
fine particles, hence the use of emulsions for pre-mix is generally limited 
to the macadam types of construction. However, when a suitable stable 
emulsion is available and the technique is jiroperly understood, very good 
results can be obtained with emulsions even in the asphaltic concrete types 
of constructimi; the technique, however, is rather difficult and requires 
very considerable experience, it being impossible to lay down any standard 
specification and eaph job requirhig to be studied and treated differently. 
Por this reason, and because 15 to 20 per cent, more emulsiou is required 
than in out-bnob work, the cost of emulsion pre-mix of the asphaltic 
concrete variety, can only be considered economic and practical under 
very special ciroumstauces. Prom the practical point of view the 
advantage is that mixing can be carried out in any type of mixer, even 
by hand: the disadvantages are that water is required and, because of the 
sloppiness of the mix, considerable segregation takes place. 

78. An emulsion pre-mix lakes rather longer to set up on the road than 
a cut-back and great care must be exercised in the rolling otherwise 
stripping occurs. 

70. On the whole, it can be suggested that asphaltic concrete and Sheet 
asphalt types of construction should not be attempted with emulsions. 

80. So for ns the macadam types are concerned, the question is rather 
different for there is not the same difficulty in the technique. The extra 
cost is still there however and the same care to prevent stripping is 
required. 

81. Probably the fairest criticism that can be made of the praoticabUity 
of emulsions for pre-mix purposes is the fact that the emulsion manufac- 
turers advocate methods such as the Armourcoat rather than a pre-mix. 

82. Armourcoat . — -Armourcoat is essentially a macadam type of con- 
struction but by the process it is possible to build up a rather more dense 
macadam than is usually laid by macadam pro-mix. In Armourcoat the 
largest stone is first spread and emulsiou applied, the voids in the large 
stone are then filled as far as is possible by scattering intermediate stone 
over it and another application of emulsion given; smaller stone is then 
scattered over and sprayed with emulsion and so on. In other words, 
layer after layer of stone is spread, each of o smaller gauge than the 
previous until the final blinding is w-ith sand or fine gilt. 
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83. It will be seen, therefore, that a very dense mat can be built up". 
The method, however, is expensive as can be seen from Table 1, both from 
the point of view of the quantity of aggi-egate required and of the emulsion. 
It does have ihe advantage that no plant is requhed except Sprayers with 
which to apply the emulsion but, against this it is a slow process for there 
are so many applications of stone and emulsion and it is essential to allow 
the road to stand for at least 24 horns half way through the process before 
proper consolidation takes place. 

84. Apart from the above it can be said that the Armourcoat method 
does provide a macadam type of construction which will compare favour- 
ably, from the wearing point of view, with a macadam type of pre-mix, 

85. It has ah'eady been pointed out that care must be taken with all 
macadam types of construction to ensure that only the very best quality 
of stone is used. 

86. Tacit Coats or Primcis . — ^The necessity or otherwise of the use of 
a tack coat under 1 to 1^" carpets deserves some consideration here -for it 
is an important point both from the question of extra cost and improved 
wearing quality. 

87. The purpose of the Tack coat or priming coat is to ensure a bond 
between the base and the carpet but it is very doubtful whether the carpet 
itself does not itself provide the requisite bond without the ’assistance of 
the tack coat, 

88. Experience in India has shown that a tack coat is generally unneces- 
sary for 1 to 1^" carpets either with cut-backs or with emulsions, whether 
laid on a waterbound base or an old treated surface proAuded it is roughen- 
ed somewhat. With emulsions the tack coat certainly is unnecessary because 
a fair amount of material drains into the base and forms its own tack. 
Even with nut-backs there is sufficient binder on the stones to provide the 
bond with the base. 

89. It is recommended that tack coats are not required except under 
one circumstance which will be mentioned, and that all that is neces- 
sary is to roughen the base. If the base is waterbound macadam, it 
should be well brushed but must not be loosened; if an old treated surface 
it should be roughened by picks, the best method being to make lines of 
small holes (three knocks vith the pick is sufficient for each) running 
diagonally across the road, 12" apart and the holes spaced at 
12" intervals. 

90. The only circumstance where a Tack or Priming Coat is necessary 
is when the base consists of new waterbound macadam which has not 
consolidated well and is rather loose: the purpose of the tack in this case 
is not to ensure the bond but to hold and consolidate the macadam surface 
together. For this purpose the tack or primer should consist of a material, 
such as a 40/60 mixture of Fuel Oil and Asphalt, which w’iU cinlr -nreU into 
the base and bond it. 

91. One objection to a tack coat is that, unless it is applied very very 
thinly, there is a danger of it cutting into and enriching the carpet mnlnTig 
it too fat in asphalt and so causing subsequent waving. 

92. Re-Sectioning. — A 1 inch to 1^'' carpet will cope with most inequa- 
lities on a road for it can be laid from f'' to 2'> in thickness but it should 
never be laid more nor less than these limits. The reason for this is that 
if laid thinner there is a danger of one stone having to carry the full load 



165 


.or, if greater then stones will lie three or four deep and there \\all be no 
‘interloclc. Hence if there are any inequalities over 2" in depth, it is 
necessary to lay the carpet in two layers, the bottom layer to consist of 
coated stone only and containing no smaller fragments of stone. Por 
•the bottom course it is quite sufficient to use only to 3 lbs. of binder 
■per cub. ft. instead of the usual 3 l/3rd lbs. This base course should be 
spread and •well rolled before the top course is spread. 

93. Another objection to laying too great a depth of the carpet is that 
consolidation will be uneven and where it is much thicker than in other 
places, a low spot will develop. 

94. Lateral Supports. — ^Lateral Supports should always be provided 
ibr any cnipet over in thiclmess otherwise, especially -ndth the bullock 
•carts using the haunches of the road, the carpet will gradually be 
.pushed out. 

95. The best foim of lateral support is a kerbing of boulders, bricks 
or cement concrete whiebever will prove cheapest. Since a roller, Avhen 

-consolidating the carpet, may damage the kerbs it is always advisable 
to put the kerbing in after the carpet is consolidated; wooden baulks of 
ttimber held by spikes can bo used at the time of spreading and rolling. 
These are removed and the kerbing put in. 

90. An alteniative to Icerbing, though not nearly so satisfactory, is 
to cxciivate a trench 12" Avide by 2" deep along the edges of the road 
and fill the mixtui-e into the trench; this is kuoAvn as “tucking in’’ 
•and is quite effecth-c provided the macadam base extends beyond the 
edge of the carpet. 

97. Conclusiom and recommendations. — The following is a summary 
■of the conclusions and recommendations that can be drawn from this 
.paper. 

Methods which should be discontinued. — 1. Two Coat Surface Dressing. 

2. Grouting and Penetration Methods. Both these methods require 
.an excessive quantity of binder which is both extravagant and detrimental. 


Types of construction for Indian conditions, 

.For Light Pneumatic Tyred Traffic 

y Single Coat Surface Dressing 
Light Bulloch Cart Traffic J 

Medium Heavy ^lixod Traffic. — 1 to li" carpets. 

Heavy Bulloch Traffic. — 2 to 2j" carpets. 

Types of Carpets, — These should be of pre-mixed construction or of 
.-a method such as Armourcoat Avhich proAudes both density and a pre- 
.-coating effect. 

■Carpets are of three main types: — 

(1) Asphaltic Concrete — i.c. — ^A mixture of Stone and Sand. 

(2) Asphaltic Macadam — i.c. — A gi'aded Stone Carpet. 

(3) Sheet Asphalt^j.c.— A carpet in Avhich the Sand cames the 

Avear of traffic. 
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These may be laid in thickaess of fi’om 1 to 2i" according to traffic- 
requirements. The thicker the carpet the larger should be the size of 
the stone. The large stone should be not more nor less than 2/3rds of- 
the thickness of the consolidated carpet. 


Com-parative Merits of the three types. 

1. Asphaltic Concrete provides the densest and strongest con- 

struction. 

2. Asphaltic Macadam is excellent but depends for success to a. 

very great extent on the metal. Unless the metal is of 
the very best quality, it is viser to use the Asphaltic' 
concrete type. 

3. Sheet Asphalt gives a close fine surface without requhing 

polishing by traffic. Sheet asphalt is not as strong as the- 
other types because the sand carries the wear and inherent 
stability is dependent on the binder and the internal fiiction 
of the sand particles and not on the interlocking of the- 
stone fragments. 

Sheet Asphalt, however, is of particular value in cases where 
the available stone is of poor quality and in such cases 
should be used in pi-eference to the macadam type. 

Binders to be used. — ^Either cut-backs or emulsions may be used for 
these carpets. 

Cut-hacks. — ^It is most advisable that the road should “set-up” quickly 
and allow traffic to use it 24 hours after laying. The solvent content 
should not, therefore, fall above 8 per cent. 

Pla7it for Cut-back Pre-mixes. — ^Despite its apparent high initial cost 
o£ Rs. 6,000 to Rs. 6,500 it is essential that a pug- mil l type of mixer 
should be used for such a plant alone allows any type of mix to be 
made, ensures a thin film and so saves in bitumen, pei-mits the use of 
a low solvent content cut-back and so a quick-set road. Such a plant 
will justify its purchase immediately. 

Emulsions. — ^The dipping process is not sound either in practice or 
tlieoretically for, although it is a means of pre-coating the aggi-egate, 
there is no means of ensuring a uniform coating nor of preventing an 
excess of binder ) both these are the faults of the gi'outing or venetration 
method. 

Special stable emulsions should be used for pre-mix work and it is 
possible, though rather difficult for the inexperienced, to make the 
asphaltic concrete types of construction. The use of emulsions for pre- 
mixing entails rather higher costs as more emulsion has to be used than 
cut-back. General usage is to advocate the Axmourcoat type of constnae- 
tion in preference to pre-mixing. Tlie Armourcoat method conies within 
the macadam type of consti-uction and necessitates the employment of 
the best quality stone only. 

Tack Goats. — ^These are unnecessary for 1 to 2i" carpets except where 
the base is loose. The base should always be roughened but not looseneu- 
in the roughening operation. mere the base is loose, it should b»- 
primed with an asphalt/fuel oil mixture to bind the base together 
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Lateral Supports.— These should always be provided, preferably in. 
the form of kerbing but if funds do not permit this tlien the edges ot 
the carpet should be tacked in. 

98. Recommendations for road specifications . — Smlace Dressing is- 
suitable only for light trafficked roads and there is nothing further to add 
on the subject for it is a method with which most people are ^ery well 
acquainted. 

99. The Specification which will be of the gi-eatest utility in is 

undoubtedly the 1 to 11" carpet made of pre-coated aggregate for it 
allows sufficient variation in thickness to cope with most inequalities and 
yet, even in those places where there is a greater or less thickness of mat 
there is a uniform coating of binder which cannot be obtained by any 
method where the binder is applied after the aggregate is in position 
on the road. 

100. The asphaltic concrete type using two parts of stone to one oi 
sand is the most satisfactory and strongest. The macadam tjpe should 
only be used where the stone is of the very bast quality and, then, it is- 
preferable to give it a liquid seal rather than a mixed chipping seal. The" 
Sheet Asphalt type of construction is of particular value where the 
quality of the stone is very poor for tho sand, not the stone, carries the 
traffic. 

101. Let us hope that in a few years time from now every Eoad 
Authority in India will own its own proper mixing plants — ^just as they 
do steam rollers — and that the laying of pre-mixed carpets v-dil become 
a matter of routine rather than a rather bold experiment as it ig treated' 
to-day. That pre-mixed carpets are the solution of India’s road problem 
is unquestionable and, therefore, the sooner more extensive works are' 
Corried out with them in eveiy part of India the better. 
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Mt. G. G. C. Adami {the Author) : Mr. Chairman and genllemcn ; I do 
.not think that I have very much further to add to this paper. It is such 
an enormous subject that it has already been sufficiently difficult to confiuS 
it ■within reasonable limits. I have been asked by one or two delegates 
exactly what I mean by two coat surface dressing. This is where the 
second coat is applied immediately after the first. I have omitted to' 
refer to kankar or laterite roads as bases for asphalt carpets. It has been 
found that these mjike excellent bases for such carpets and any of the 
types of construction referred to in my paper may safely be laid on them. 
The only precaution that requires to be taken is that a priming or tack 
. coat should be applied before laying the mat. The best type of material 
for this purpose has proved, in mj’ opinion, to be a 50/50 Fuel oil asphalt 
mixture applied at one-quarter gallon per square yard (30 lbs. per sq. ft.)* 
' for this penetrates better into kanker or laterite than into other materials. 


DISCUSSION ON PAPERS NOS. 2, 5(n), 5(b) AND 6. 

Chairman: Gentlemen, I hope that many people will come forward 
and criticise these papers. But before they do so, there is one thing 1x111011 
I would like to say. I think the four papers which we have now nndoi 
discussion definitely emphasise, the necessity for us to get down to some 
standard form of measurements. I see, for instance, one paper refers tc 
gallons per square yard and annas per square foot. Another paper deals 
with tons per mile and rupees per 100 sq. feet; and so on. I think you 
will all agi’ee that it is most confusing. There is one thing that I do hope 
■will emanate from this Congress and that is that we will get all Govern- 
ments to agree, before we next meet, that whatever papers arc- written 
will all conform to some standard fonn of nomenclature. Of course, this 
■point has been mentioned on a previous occasion and I am all for abolishing 
the gallons and square yards and dealing only in pounds and square feet. 

Mr. K. G. Mitchell : Supplementing w'hat fell just now from 
Mr. Macfarlone, I would like to suggest that wo should do away with the 
gallon and take to pounds and hundredweights. You buy most of these 
materials by weight and you deal -with them in hundred sq. ft and it 
must be an unnecessary complication to have to convert gallons for the 
purpose of estimating into pounds and tons. I think personally that 
•pounds or hundredweights— preferably pounds— ore preferable to gallons. 

Mr. B, F. Taylor: There is one point on which Jilr. Adami will, I hope, 

. be able to help us in Assam and that is the strange antagonism that certain 
-types of metal seem to have for bitumen. In Assam where we have rain- 
for 9 months and dry weather for only three, hot applications are extremely 
difficult as it is very rare that we can get a rood sufficiently dry to rive 
•them a fair chance. "We have therefore been driven to cold emulsfons 
•which looked quite hopeful until recently but I regi-et to say that in manv 
parts of the province they are breaking down deplorably. In the course 
•of our investigation to find out the reason it seems to boil dowm to this', 
that to certain types of our metal bitumen will not stick. Some is of the 
quartz ^oups and some of a kind I cannot classify geologically but it has 
a weathered or fungus grown surface which has been found to be utterly 
-useless for bitumen. W-e have tried to get some explanation and we have 
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been investigating tins point but we have not yet got any satisfactory- 
answer at all. _ It is quite impossible for us to" select our metal. Our 
transport cost is enormous and we have got to use what is nearest or on 
the spot. Perhaps this point has already been investigated by Mr. Adami 
and others and if they will tell us if there is any way of overcoming it or 
what the reason of it is, we should be extremely grateful to them. 

Mr. 0. H. Tevlon: Mi-. Chairman and gentlemen, I 'should like first 
of all to apologise to Mr. Stubbs for having misunderstood the specification 
for water premix tar. I am sorry I made the mistake, but we have not 
tried it in Burma at all and I made the mistake through ignorance. In 
paragraph 7 of Mr. Hunter’s paper (Paper Jlo. 2) the question of the life of 
the sui'face of the road itself is mentioned. Now when we are considering 
this matter of road loans, it seems to me essential that we should if possible 
determine what the lives of these various surfaces are in respect to the 
traffic they cai-ry. For financial reasons the P. ^Y. D. Code divides residen- 
tial buildings into certain classes and if we could divide roads surfaces up 
into similar classes, it would help very considerably in determining the fin- 
ancial effects of any loan. I should be very glad if Mi-. Hunter could give us 
further information on this matter from his experience. The suggestion 
I should like to make is that we might assume that certain surfaces, pro- 
vided they are properly laid and properly maintained, will carry certain 
intensities of traffic indefinitely and when the intensity of the traffic in- 
creases, it becomes necessary to resort to reconstruction. If this assump- 
tion can be accepted, it will help very much in submitting proposals for 
accepting loans os we will be able to fix nibitrarily tlie life of any surface. 

Mr. G. A. M. Brown : Mr. Chairman and Gentlemen, there are two 
points in IMr. Adami’s valuable paper (Paper No. 0) to which I wish to 
refer. The first is in connection with his remarks regarding the function of 
the stone, paras. 4 to 7. 

I think wo are perhaps inclined to forget .that it is the stone which 
can-ies the traffic and that when we discuss the failure of surface dressings 
we ore apt to blame the dressing when very often we should blame the- 
stone base. 

The reason why the surface painted N.-W. Frontier roads stand uj) 
to heavy bullock cart traffic, is, I think, largely due to the excellert 
quality of their stone and to the manner in which it is consolidated. 
We hove found from experience that a single road roller cannot 
consolidate, properly, more than fiOO eft. to 800 eft. of metal per day 
when the minimum amount of stone dust and clay binder is used. 
If more than the minimum amount of clav in the binder is used, in 
the w'ater bound work, it is possible considerably to increase the daily 
rate of consolidation. The daily rate of consolidation is therefore to some 
extent an index of the quality of the consolidation. 

With regard to Mr. Adami’s remarks on the scope of single coat surface 
dressing, para. 36 of his paper, most of the roads in the Frontier to the 
south of the Kohnt Pass, are surfaced v-ith Colas and seldom require- 
repainting more than once in three years. The traffic on these roads- 
consists largely of lorries with only a small percentage of bullock carts. 
The same surface treatment was foimd to be unsuccessful north of the- 
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:Kohat Pass where there is a large percentage of hem y bullock cut tra hc. 
On these northern roads surface dressing with tar has been ipund to with, 
stand an intensity of mixed traffic of 200 tons per yard uidtli per day, 
■Jbese roads require repainting with tar every two to three years. 

In some sections an intensity of 350 tons per yard width per day has 
been carried without failure. 

The Attock-Poshawar road over which the Congress toured is an 
example of a tar painted road which carries heavy bullock curt trainc. 
The bullock carts on this road ere of the two wheeled type with a 3 inch 
width iron tyre. The tj-re is usually convex outwards and I imagine 
that the actual width in contact with the road is not more than an mdi. 
A heavily laden Peshawar bullock cart weighs ns much ns 21 tons. By 
tomparison, the bullock carts in Delhi are of the four wheeled type and 
as we saw at the weighing machine the other day, a laden cart w’eiglis 
only one ton. 


Mr. Dean told us that surface painted wads in Delhi would not with- 
■stand an intensity of traffic of more than 200 tone; per yard width per day 
and that if there w'as much bullock cart traffic thic figure .should be 
divided' by four. 

It seems clear from this that we cannot lay down any general limit 
■for the intensity of traffic that surface painted roads will caiT.v. It varies 
•too much in different Provinces. 


Our experience on the Frontier, however, shows that under similar 
•climatic conditions and given good stone and finst cln«s '.vater bound 
consolidation, surface pninting with tar can withstand .succc.ssfully loads 
•which in other provinces require pre-mix carpets. 

The reason why tar surfacing on our northern roads has proved more 
successful than surfacing with a cold bitumen emulsion is that the initial 
coat of tar penetrates better. 

If the water bound consolidation is done properly .'ind an excess of 
•clay binder has not been used, the initial coat of tnr will penetrate at 
least half an inch. If f-iilure occurs, the extent of the peneiration often 
•indicates the reason for the failure. For example, if the tnr has not 
penetrated by more than -J inch the fault is either excesc; of clay in the 
•water bound binder or overheating of the tnr. The latter f.ault -’an ho 
•detected at once by inspection. 

If the tar penetrated by more than i inch tho reason for failure 
•is faulty consolidation. 


The second point in Mr. Adami’s paper to which I wish to reffer is 
in connection with para. 52 of his paper. The latter part of this pam. 
is more or less the policy we follow in the Frontier where our fund.s are 
strictly limited. 


Old water bound roads are remade and surface dressed with two coats 
of tar, tar being used because of it-s excellent penetrative properh- 
If the road wears out before two years, it indicates that the penetra- 
tion is insufficient to prevent the interlocked metal below from beinff 
disintegrated. ^ 


The road is then surfaced with a carpet of such a thiclmes' 

. et. ■ 

•tion by the same amount as its tbickne.ss 


prevent this disintegration. The carpet, in ’effect,"TncrenscrthTpeLS! 
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TMs is probably the cheapest way in which we can develop our roads, 
mamely, first to treat tlie rejnade water bound surface with a dressing 
•having a reasonably good penetration and to follow that up with a carpev 
-as and when the latter is found to be necessary. ^ 

As Mr. Adaini says in his paper, when the initial .surface dressing has 
worn out it will afford an excellent base for tlie carpet. 

Mr. G> Beid Shaw : Mr. Chairman and gentlemen, I should like first 
rto congratulate the Chairman on his sense of hutnoin* to having both Mr. 
Adami’s and iNIr. Stubbs’ papers criticised at the same time. Mr. Stubbs 
will tell you that tar (surfacing is the best thing in the world while Mr. 
Adami nnll say that all suidacing is nonsense. Tn many of these papers 
■surface painting w’Ork has been criticised and there is talk of losing the 
•salvage value of the old road, I do not tliink any Engineer would start 
this kind of work haphazardly and say tlud. ho i.s going to pick up this 
•or that road so as to surface paint it. He has got a programme of work 
ahead of him and painting follows a.s a natural sequence to metal re- 
surfacing, and there is therefore no loss of salvage value of the old road 
surface when surfacing is undertaken. The operations follow as a natural 
•sequence in the ordinary course of annual maintenance. 

There is just one point in which 1 do not agree witli Mr. Stubbs. He 
‘has had far more experience in the matter than 1 have and it is possible 
’that he is rigkfc and I am w’rong. That is the amount of tar that he 
uses in his first coat. T think the first coat of surface painting needs 
<0 be a I'ichor.cont, considerably richer, than what he uses so as to get 
penetration. Certainly in n wet cliiunle like our-p (irr Assam), the first 
foal penetration is of enormous importance. Many writers have discussed 
liow the bullock caii) traffic ruins .surface painted roads. We all ngr-ee 
■with them that in the case of very heavy bullock cart traffic no 
surface painting ' will stand. This is partieuinilv n» in nluces uliero tire 
bullock carts are stopping and starting like railway station approaches. 
•Straight bullock cart traffic along the road does not do so much harm 
•as ■when the bullock carts keep ’starting and stopping and movinc about 
at the same place. That is what happens near villages. In certain parts 
-of Assam we find stones which have a natural aversion to binding ■with 
bitumon. One is a whinstone and it is probably one of tlie best stones 
we have got in the whole of Assam, but in the quarry from "which it 
comes there is a weathered looldng foi’mntion which i.s not confined only 
to the exposed surface of the stone. It comes in large veins in the 
quarry and nearly every bit of the stone that comes out has got one 
•side with this brown weather looking surface on which’ bitumen will not 
stay for a second, in fact it runs off os fast ag it goes on. If Mr. Adami 
could give any explanation of* could devise any method by winch we can 
overcome this, we will be delighted. 

Another point on which Mr. Adami condemns surface painting is that 
the amount of bitumen is excessive for the -amount oE chipping used. 
T do not think that the whole idea of surface painting a road is the 
amount of chippings which you can stick on to bitumen. The first idea 
of bitumen or tar surfacing is to get a weather proof road. After that 
the greater the amount of chips that can, be fixed down as a weoring coat 
*the better. 
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Mr D Daniel: Mr. Chairman an^ gentlemen, I thinlc paper No. l{kp 
should have been brought up to-day for discussion along with these papers. 
Anyhou- that paper has been separately discussed, but I wish to point 
out that some of my remarks would equally apply to that paper also. 

As regards paper No. 2 and papers Nos. 5(a) and (l>) these thiee papers 
may be broadly divided into two classes, the one attempts to arrive at 
the economic aspects of the various wearing surfaces and the other- 
attempts to describe how tar can be used to reduce the maintenance cost. 
On papers lilvc these. I should have thought that discussions on the- 
broader issues involved would be more profitable than dwelling on the 
details of a number of specificatious- At the outset I should therefore 
remark that tar and tar comjiounds wherever used have been gradually- 
given up in favour of the more suitable asphalt which all of you are aware 
of. Painting the surface annually for miles and miles together is a very 
tedious task and this also finally works out into a very bad mat and 
inconveniences traffic as was pointed out by Mr. Dean yesterday. This 
finally helps to distort the metal below under very heavy countiw cart- 
traffic. This ifS our experience in the IMadras roads. 

After reading papers 5(a) and (b) one is left with the impression that, 
in the Punjab out of sheer necessity tar is being used to minimise the 
maintenance bills owing to its cheapness in the initial cost. That pro- 
vince seems to be undergoing the same phase which the several corpora- 
tions in the early days were undergoing. They have all now gone for 
more durable materials for their heavily trafficked roads, Mr. Coats, the- 
late Engineer to Madras and Calcutta Corporations, who had large experi- 
ence in the use of tars had written to me in 1029 tliat “with the intro- 
duction of bitumen compounds tar should not be used unless it can be 
got so cheaply as to justify its use.” This seems to be the reasonable- 
attitude that one can take up regarding the use of tar. Except its initial 
cost, tar has no special qualities in its fa%-our. (Laughter.) In paper- 
No. 5(6) failures of tar in the past are attributed to improiierly de- 
hydrated tar or want of a filler and an e.\-ami)le of success witli tar quoted 
is the Mall at Lahore laid in 1916. But tar u=ed then could not be tlie- 
modern tar. Its success should, therefore, be due to something else which 
requires further investigation. Further, because tlie macadam below has 
not been reformed from*1916 cannot be a criterion of it? success. What 
kind of sei-vioeability the surface has rendered to the public should be- 
looked into, I mean -whether the surface was wavy or undulatinir and 
consequently inconveniencing the public. Or at least what kind of' 
maintenance it has udergone and other traffic factors have to bo examined. 
Since -n-riting these notes, thanks to hfr. Slitchell’s forethourhl and "onius 
for organisation, I had the opportunity, ap all of you had. to see the Mall 
and all the other tarred roads w? were shown. The surface of the Mall 
is very good. I see it is due chiefly to the pohibirion of country cart 
Iraffic. Also in the main mads bajri is used for blindage. These *are- 
verv hard -w-aterworn crystalline nodules more or less Hke iron pieces. 
This forms a very good mat and nil over the Punjab thev seem to get' 
sueh land of material. The rainfall also is very light and' does no! w.a^sh 
away the light oils or free carbon. The country cart? have not also iron 
t:iTes for the. most part. The best granite metal in the Madras Presidency 
when tested is found to have a French Co-efficient of wear of 17 and 5 
m the dry and wet test respectively, while the metal in Jhnndaw-ain quarry 
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in Delhi is reported to have twice its strength. I am therefore very sceptic 
• about the pernianent' advantages of using tar in Madras where there are 
several factors contributing towards failure. 1 am glad to see -Diwan 
Bahadur Ayj'angar of Mysore has been converted to some extent yesterday 
and I shall wait for the results of his experiments. Mr. Trevor Jones’ 
conclusions in paragraph 24 of his paper give us an insight into the future 
■'requirements of the Punjab roads. He feels that more peiinanent con- 
■ struction will be necessary and ends until the statement that the con- 
struction of the concrete roads appears to be the solution, with the 
■latter of which I do not quite agree. 

If the papers 5(a) and (5) are interesting in the methods adopted to 
. solve the immediate maintenance troubles which is common to many 
provinces, paper Xo. 2 is vei-y instructive in the way in which the economic 
aspects of the various wearing surfaces are worked out. This paper is 
very important from the point of view of the Government of India and 
the Provincial Governments, which are on the eve of embarking on a 
comprehensive iilan of road development from loan funds as a result of 
the repeated and able representation by Messrs. Miller and Oimerod and 
the energetic Secretary Lieutenant-Colonel Smith of the Indian Roads and 
Transport Development Association. Selection of bridges and new roads 
to be constructed from loan funds offer no difficulty, but it is the selection 
of the type of modern wearing surfaces suited to any one road that 
is going to be one of the difficult tasks of those in charge of roads. 
The percentage of such roads requiring modem surfaces may be small 
in each pro^dnoe and yet the type has to be settled on a rational basis 
before any loan is given. Paper No. (2) has outlined some methods 
adopted by the Chief Engineer of the United Provinces an'3 should prove 
very useful in a general manner. . But, unfortunately, there seems to 
be no reliable and aequrate data readily available in other provinces. If 
the results of the various experiments are to be useful in such a vast 
country like India, information regarding the height above mean sea level, 
the total rainfall, maximum and minimum temperatures, nature of sub- 
soil, the thickness and nature of the hard crust available as foundation, 
the volume, character and distribution of traffic, in other words, the- 
number of vehicles, the proportion of traffic to steel tyred ones, and 
whether the latter is distributed all over or only in tracks; and lastly, 
the width of the road, which givCis the intensity of traffic for which the 
• cross 'section is designed have all to be given for each anj every experi- 
ment. Also to state that bitumen was a failure ang so on, using a 
generic term gives only a vague idea about these experiments. Bitumen 
according to the 1929 definition of the British Standard Engineering 
Association includes all kinds of asphalts with penetration from 5 to 300 
’ and tar with specific viscosity from 3 to 100. So are we to understand 
that all bitumen ' in the market is a failure ? We have therefore to be 
specific in our description of the materials used. This 'will be of use 
to both parties 'who deal in and use the various materials. In fact 
, some firms reallv want to know the defects in their materials with a 
.view to rectify them or suggest improvements in their .specifications or 
point out the mistakes, if any, in application. If we are not going to 
be open-minded in this respect. I should think that the usefulness of 
.our experiments will be lost. When asphalt is said not to adhere to 
the ' stones in the Punjab, one Avonders wdiv the e?rperience there differs 
from that in other parts. Probably, the qualities of stone, if it had been 

/ 
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tested, and the climatic conditions would have explained this different 
experience. If the aggregate is soft limestone, dust "is likely to be 
formed under traffic between the asphalt paint and the stones, whereas 
tar has got better affinity to lime stones. However, things like these 
have to be guessed. Also the qualities of the metal used should be 
tested for compression for attrition and for abrasion and should be 
recorded. I understand that these three papers were originally intended 
for the International Hoad Congress and hence, I believe, some such 
details have been omitted. I only wish to stress the necessity for the 
introduction of a standard form for recording the details of the. 
various experiments to be done in future which will help Us in the 
selection of suitable wearing surfaces, embodying all this infojmation 
for each and every experiment just as the Concrete Association have done 
it for their pavements all over India. 

After rending all the papers one cannot understand what we are 
actually aiming at. Tliere is a medley of specifications, some even of 
unscientific nature ns pointed out yesterday by one gentleman, such as 
mixing tar u-ith mud, etc. We have to ditdde our experiments in future 
broadly into two, vh., one for capital works and another for devising 
cheap ways of maintenance of roads. Experiments for capital works 
should be confined to standard works, such as concrete, sheet asphalt, 
asphaltic concrete, asphalt pnaendam and painting. Materials to be 
used should be fairly standard ones and if possible should be subject 
to laboratory tests. They have to be laid on important typical provincial 
roads with a special staff and watched. 

It will also be better to record their annual muintcnancc costs in 
terms of unit of loud unit of traffic; in other words the annual cost per 
mile of foot width per ton of traffic per foot width. The United Pro* 
inces seems to be doing this already. This will also help us a good deal 
in working out the economic aspect of the various wearing surfaces in 
a more rational manner than we arc able to do at present. I am sure 
the genius of Mr. Mitchell whose time and energy were taken up till 
now by the Government of India for other urgent purposes will, before 
long, tackle this problem .also. 

As I have observed already, I have dwelt only on the broader aspects, 
involved in the subject matter of the, three papers, whicii are more 
important and I shall leave the details alone. By this I do not belittle 
the information given in the papers concerned. Everyone knows what 
it is merely to execute and what it is to write papers. Xothinrr but 
praise is due to the authors of all these papers and ijarliculn^y to 
Messrs. Dean and Himter, who have taken immense pains to describe 
in detail all the works they have done. I also request that :\rr. Derm 
gives his special attention to the works on the roads carrying hea^-v 
country cart traffic and gives us the result of his experiments which will 
be of immense use to Engineers who have to deal with provincial roads with 
heavy mixed traffic. 

As regards paper No." 6, Mr. itdami’s paper is a faitliful and a true 
record of the results of the works done by ife-ssrs. Bunnnb Shell Com- 
pany. It is a verj- valuable paper and there is not even the slightest 
taint of the firm’s interests. ' I really congi-ntulato the. author of the 
paper and Afessrs. The Burmnh- Shell Companv On its eXcellenoe. The, 
Engineer’s chief trouble, as Diwnn Bahadur Avvangar pointed out 
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.yesterday, is to find out the best pavement that will serve the dual 
purpose roads. Mr. Adami’s paper has eliminated practically all asphalt 
j)avements for heavy bullock traffic except Shelcrete. AVe have done it 
in the Madras Presidency in some places and so tar they are successful. 
There are one or two pavements standing for the last about six months 
iwithout the slightest rut. Still it iitis to be tested a little longer and 
then conclusions have to be aridved at. (Applause.) 

Colonel G. E. SopivHh: Mr. Chairman and gentlemen, sufEering as 
I am from shell shock from the recent bombardment, I only propose to 
say one thing. Mir. Daniel said that he felt that the Mall at Lahore 
.required some more investigation as it was impossible that the tar used 
there could be the same as used to-day. The company to which I belong 
• distilled modern tars in those days. The stills were first started in 1915 
and the Mall at Lahore was treated wdlh the same Shalimar tar as the 
a'oads in the Punjab ai‘e treated with to-day. (Applause.) 

Mr. E. TF. Parhhurst: Mr. Chairman and gentlemen, I should like to 
express my personal pleasure at hanng had the opportunity of reading 
ithese papers and I think the authors ai-e to be very heartily congratulated 
►on the wealth of material they have furnished and the manner in which 
- they have set it forth. As was mentioned a few moments ago — it is a 
■rr^ry good idea to group these papers together for discussion for this 
reason, that they emphasise a verj- interesting point in connection with 
I’oad development — ^that is the underlying pi’inciple of stage construction, 
■p think that. the light roads that w'e have had the opportunity of seeing 
in the Punjab will no doubt later on be surfaced with heavy material 
when and as traffic requires it. We have seen other roads in the vicinity 
of Delhi which are in practice of greater thickness and are possibly fitted 
to cany heavier traffic. The point that I make is that if the roads are 
‘ljuilt with this idea of ’stage construction in mind they may be used as 
foundations for successively higher types of surface as traffic requires 
them. With regard to Mr. Hunter’s paper, I may >say that to my 
mind his method of analysing the cost and comparing the different types 
'of surfaces are perfectly logical, huf as the author implies, a reseiwation 
must be made in applying these principles. Variations in traffic may 
bring about cei’tain modification and as a matter of fact might entirely 
upset the calculations. Speaking further with regard to paper No. 2, 
•as to the earlier work with 'bitumen, I should like to ask the author 
whether detailed specifications are available. If so, it is possibly to be 
•regretted that these could not have been included in the paper to afford 
a comparison with specifications for more recent work which are given 
'in detail. Apparently, there was a great deal of difficulty with this 
earlier work and in connection with the reported unsatisfactory results 
of some of these projects in the United Provinces, two observations, 
it appears to me, may 'be made — 

(1) The quantity of bitumen has a very direct relationship to the 

success of nnv bituminous work. 

(2) Satisfactory results are isecurcd only when proper selection of 

tvpe is made and the specifications are accurately followed. 

Concerning the first point the statement is made that the road 
-surfaces, whether asphaltic concrete, grout or senlcoat, became soft 
•under ‘heat. It is well Imown lliat any bitumipous material irrespective 

T. 2 
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of origin and whether tar, residual or natural bitumen, softens under' 
heat, the degree of softening depending upon the quantity .used, . the 
consistency, whether loaded with fine mineral matter or not, etc. If too- 
much bitumen were employed in the cases refen’ed to, it would indeed be 
surprising if the surfaces did not soften and move under concentrated traffic 
in hot weather. Tt is suggested that a reduction in the quantity of bitumen 
used in this earhe-r work, which however, was constructed according to the- 
best knowledge «nd experience then available, would have produced more 
satisfactory results. 

The author implicis that the difference in results achieved with natural 
and residual bitumens is due to some differences in .their composition. 
This is hardly the occasion and in any ease time does not permit detailed 
comment along this line, but whatever these differences may be, I tliink it • 
will be fairly obvious that method of employment of any material will be- 
at least ai as much importance as its nature. 

With regard to the second iactor, the author states that grouted work 
becomes rutted imder bullock cart trathc. Although 1 speak with some 
diffidence on this point, I am under the niipression that a complete 
solution of the problem ot hou best to carry the bullock cart has not. 
yet been found after some 15 years’ exiierience with bituminous roads hi 
India although as the recent tom' has revealed, much progress has been- 
made. Asphaltic mixtures capable of withstanding such traffic when la«d 
over proper foundations have been produced, but at a cost prohibitive in 
so far as iirovincial mads are concerned at iiresent. Satisfaetoyy grouted, 
roads have also been produced, examples of which, amongst others, were 
included in our inspection tour on ilonday. klention is made of this to- 
indieate that until the limitations of the various types of bituminous 
wearing surfaces are more clearly defined, it would be well to select types- , 
whose performance has been thoroughly tested. The experimental work, 
report on much of which is being made at this Congress, will go far 
-to establishing what these limitations actually are. 

With regard to paper No. 6, Mr Adami seems to consider that grouted- 
macadam is not altogether suited to conditions here. I may say that 
India to my mind is a very large country where condition^ vary very 
much. You have different climatic conditions in the North than in the 
South ; Assam is not the same as Bombay, and it is very difficult to - 
state that any particular type of work may not be satisfactory under 
certain conditions. It seems to me that although grouted macadam is 
not altogether a scientific process, still if it is carefully followed it gives 
good results. I think the engineer really is the person who must select 
from all the various typs of construction at his disposal the particular - 
kind of surface which is suited to the conditions under which he has 
to work. I think that is all I have to say. I appreciate very much 
being given this opportunity of speaking. (Applause.) 

Mr. N. y. Modalt: Some fundamental changes in the mode of con- 
struction of district roads have been recommended for consideration. 
These changes mark a distinct departure from the ciiri'ent practice, and ' 
require to be carefully examined before their adoption. 

The main idea is to provide uniform and only necessary coating of 
the binder to the aggregate, before consolidating it on the road surface. 
This is proposed to be done bv the introduction of cvibacl: asphalt and" 
cold nremix bv portable plant. Further, it iq pronosed tn adopt (1)' 
asphaltic concrete using larsre proportion of bitr size metal, (2) shell- - 
maesdam with seal coat, (3) stone-filled sand sheet asphalt.’ 
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Ciitbacl- asphalt is specially prepared by the addition of a certain 
•-small proportion of light gasoline or kerosene to ordinai-j* straight run 
■asphalt, in order to liring it to a suitable form to coat cold aggi-egatt 
■with hot asphak. .^cldition of solvent oiilj' reduces the softening p nnt 
from {}25° to about 200°F., and makes it more fluid. Uniform and );hin 
coating can be better secured if there be as little a difference in tempera-’ 
ture ns- possible between the stone and the binder. Cutback asphalt 
reduces this difference, but still leaves a considerable margin. No doubt, 
increased fluidity also helps, but it is doubtful how far the coating is 
uniform. Further, with the increased surfaces to be coated in case of 
•fine aggregate, the difficulty increases, and after the evaporation of the 
ivolatile portion the binder film is left weaker. 

Cold-mix plant simplj' premixes the aggregate and the binder m volume 
^proportions, whereas in the hot-mix, there is a coirect weighing and 
proportioning of the constituents. All sizes of iilauts, including semi- 
portable ones are available for hoi preinix work, and if the quantity of 
work in certain radius is sufficient, the larger initial cost of the equipment 
:may be justified. Somewhat higher working cost would be more than 
< eounterbnlnneed by the quality of work done. Finest aggregate or the 
'filler can be used to fill in the voids in order to make the surface dense 
-and stable. This would helji to increase the life of the surface, aud 
:.Teduce thereby the maintenance charges. It may be mentioned that life 
«of these types of mads, even with intense city traffic, has been found 
ito be 12 to 15 years with practically no maintenance for the first five 
.years, and about As. ,2 per sq. yd. per annum thereafter. 

As regards llie types of con-sfruction, the nsplialtic concrete using 
‘large proportion of big size metal, aud sand with bitumen just sufficient 
to fill in the voids was tried with hot-mix method in Bombay sometime 
■hack. For a 3 inches carpet, metal used was inches to 1 inch in size 
and the percentages of metal and sand wt*i*e 5S’2 and 31-1 respectively by 
weight. Bitumen added was O’O per cent. A thin hot plant-mixed seal 
•coat was also provided wherever necessary. But the surface did not come 
up to expectations, and the potholes began to appear in about 2 years’ 
time, and a wearing cai’pet had to be laid on it. 

Probable reasons for failure seem to be segregation and voids in the 
-surface. On account of the segregation, it is possible tlie spaces 
between the stones wei'e not uniformly filled in by sand It therefore 
•seems doubtful, if the theoretical assumption of filling in all the voids 
•in the stones by sand adhering to stone is fulfilled. While mixing, on 
■account of the abrasive action of the different particles of the aggi’egato, 
•sand is not likel.y to stick to stone to such an extent as to fill in the 
voids. Further the void,s in the sanfl amount to usually .30 to 35 per cent, 
■and the space occupied by bitumen coating the sand would be about 15 
per cent., leaving about 15 to 20 per cent, voids. This type of surface 
would therefore necessarily require occasional sealing. 

With graded stone, and a larger ju’oportion of finer aggregate, about 
twice the amount of stone, with sufficient quantity of filler to fill in 
the voids in sand, and a pi’operly designed concrete mi.xture, there are 
lewer ch.ancos of segregation, and it has given satisfactory results, when 
laid under ordinarv conditions of traffic, etc. No doubt tliis type of 
mixture has also failed, but it is under quite different circumstances, when 
laid on the slope of the approaches of a bridge under very licav.v bullock 
«oart and motor lorry traffic. 
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Trial stretches of premis Slielmaeadam with premix seal coat by- 
cold rniY method hare been laid in continuation of semi-grouting work 
for the same road, under the same conditions of traffic for the purposes of? 
comparison. Cost of premix work was higher than that of the semi-grouting.' 
Surfaces were examined after about a year and a half. Semi-grouted surface • 
apiDeared rich and in perfect condition. Shelmacadam surface appeared' 
dry, as if there was no binder, and the seal coat had worn out in some 
places, and required renewal if the surface is to be saved. It appears on- 
account of richness of asphiilt in the top surface of the semi-gi’outed' 
road, it formed an effective water-tight seal by admixture with grit and' 
dust spread on it in the final coat. Eichness of asphalt thus serves an 
important purpose in this ease. No doubt the extra asphalt in the lower 
portion serves the pui'pose of partly filling in the voids, -and does no 
useful service. 

in sand sheet asphalt, as already stated, considerable amoimt of voids, 
m sand remain unfilled. Unless these are filled up oy filler, or tiie 
surface sealed with liquid seal, at is bound to wear earlier, killer required- 
tor tills type of mixture per 100 square leet will be only about a cubic foot. 
This combined with a properly graded sand and jiroportionately a bit. 
larger amount of asphalt will give a considerably better and permanent, 
surface. Cost would no doubt he somewhat higher but the additional, 
life and reduction in maintenance charges would more than repay it. 

Two coat surface dressmg holds its own, where new water bound, 
surface is to be treated, and there is intense automobile traffic mixed witL. 
light bullock cart traffic. ^ inch carpet formed by two coat method 
serves as an effective cushion and makes up for slight irregularities in 
the surface. For city streets there is a further advantage. Second coat*- 
is usually covered over by a mixture of J inch grit and dust and seals up 
the whole surface forming smooth surface, very suitable for cleaning. 
(Applause.) 

Mr. R. G. Burt-. Mr. Chairman and gentlemen, the remarks I have- 
to offer apply not only to the four papers that are under consideration 
now but also to a previous paper. In all these papers the material has 
been almost invariably described under its trade name which tend,s to- 
confuse the issue. It is going to be difficult enough to correlate the 
results of the experiments carried out in various parts of the country, 
under varying conditions and also under various specifications for laying, 
the road mthout this further complication of not knowing the exact 
nature of the material used. I think that this is a position from which, 
we should get away as soon as possible and would suggest that one of 
the tasks which lie in front of this Congi-ess is the classification and the 
evolving of specifications for the actual material used. The firms which- 
produce and s sll road materials might consider that this is not in their 
interest, but it has proved to be not so in the case of other industries. 
The classification and standardisation and the production of material to» 
specifications is ultimately in the interests of both the producer and the 
user. I would also like to suggest that any further experiments which' 
are undertaken in the future should very largely concentrate on the using; 
of material which is indigenous or manufactured in this country, rather- 
than on material which may be imported. TJiis, I thmk. you vdll. afwee;. 
is also in the interests of the coun.fry.. ° 
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C/jaiman: Gentlemen, I am quite sure we are all very grateful to 
the various speakers who liave given us this interesting discussion and 
I have very little to add myself. I noticed that during the very interest- 
ing and somewhat destructive speech of Mr. Daniel, Colonel Sopwith 
was pawing the ^ound ■ndth impatient hoof and I am quite sure that 
when he made his reply he was surprised by his own moderation. But 
speaking as a' representative of a province that perhaps uses tar painting 
more than any other province in India, there is’ one thing I would like' 
to say. Beference was made to the inconvenience caused by repeated 
resurfacing. I would like to say that repainting is a thing which causes 
practically no inconvenience at all. ■'i\^e do not close the road at night; 
we simply do the work in short stretches, and at the end of the day’s 
work alter the road has been provided with grit and well rolled, it is 
immediately opened to traffic. In -tlie case of the Mall in Lahore, we 
simply put a row of tar barrels down in the centre and divert the traffic 
to one side while we tar paint the other. The whole Mall w'as done in 
September just before the Local Government moved down from Simla 
and the. inconvenience caused was almost negligible. 

I do not think I have anything more to add and I will now call 
upon Mr. Hunter to reply to the criticisms on his paper. 

Mr. G. F. Hunter (the author of Paper No. 2). I do not think I have 
very much to reply to but I was asked one or two questions. One was 
w'hether I could give any idea as to the traffic up to which the road surfaces* 
would stand. I am afraid I could hardly do' that. But I have discovered one 
thing. Going thi'ough our records of all our miles I have found that miles 
carrying over 80 to 100 tons of bullock cart traffic per foot with per 24 hours 
give trouble in maintenance. Mr. Adami in Iris paper has stated that 
if a painted mile w'ould not last for two years you should use .something 
better. So I again went through the records of the miles w’hich lasted 
-two years and I find that they pracfacally agree with my own conclu- 
sions, i.o., that they carry about 100 tons of bullock cart traffic per foot 
width. So that as far as l ean see, it is not safe to rely upon bitumen 
painted surfaces, at any rate, such as we have in the United Provinces, 
to stand more than that without showing certain signs of distress and 
giving a certain amount of trouble in upkeep. I was also asked if I could 
give a little more information on the economics of the various treatments. 
I am afraid I cannot give you that here. That W'ork was done quite a 
long time ago, and incidentally of course the w^ould-be lives of stone 
miles are Jdecreasmg very rapidly. Those figures! we got out about 
three or four years ago. Motor traffic has increased very much since 
then and the probability is that these economic lives wall become shorter. 

I was also asked if I could give some information as to the quantity 
of bitumen used in the pre-mix and grouted work. I can supply that 
but I have not got it here. Pre-mix, i.e., hot pre-mix not such as w'e 
saw the other day, was done by a large firm of contractors and it was 
done to their specification. I think they w'ould be the first to admit 
that they did use an excess of bitumen in the mixture. As regards our 
own work, i.e., grouted work, that is done departmentally. There again 
I think we can agree that we used too much bitumen. It is rather diffi- 
cult to control or to make a good grouted road with very much less than 
we used and I think it is one of klr. Adami’s contentions that it is rather 
a wasteful process. With that I agree. I think those are all the points 
' raised. 
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Mr. S. G. Stubbs [the Author of Paper No. -5 (a)] : Air. Keid Shaw 
raised the point as to why a richer mixture, a richer application of tar, 
has not been applied to roads in the Punjab. The ans\yer is that we have 
2,800 miles of road to cover and if we put down heavier applications we 
would never be able to complete our tarring progi-amme. I quite agree that 
if you put down a richer application you get a longer ^life. But we hud 
that by putting down an application at tlie rate of l/5th of a gallon per 
square yard for the first coat and of 1/lOth of a gallon per square yard tor 
subsequent coats, the results are quite sati-^faetory and have stood up to 
quite heavy bullock traffic of roughly about 200 to 300 tons per yard width 
of road. 

Mr. Daniel raised the question about the type of tar that has been 
used in the earlier applications on roads in the Punjab. To my peivsonal 
knowledge tar complying wdth the Boad Board specifications lyas used 
in 1918 and I used it myself. Mh*. Daniel wanted to know what was the 
object of having written the two papei*s under discussion. If he had 
travelled over the Grand Trunk Boad between Delhi and Lahore about 
5 years ago he w'ould quite have appreciated what purpose has been 
served by the work we have done now. The Punjab roads have been 
improved beyond all recognition diuring the last tlwec years and the 
two papers outline the methods adopted in order to bring about this vast 
improvement. 

Mr. G. G. C. Adami (th'c Author of paper No. 6) : Pirst of all Mr. Taylor 
asked about a particular kind of stone of high quartz content that occurs in 
Assam and which has proved difficult to coat with emulsions. Samples 
of this stone were sent to us for testing and we could do nothing uith it; 
we sent samples to London and they are still investigating it. The fact 
is that it has such a smooth surface that ordinaiy emulsion^ run off it 
without depositing a sufficiently thick film; it is rather like trying to 
ivet completely a elass marble with a drop of water. One mcang of 
getting over the difficulty w'ould be to increase the viscosity of the 
emulsion very appreciably but this would lend to other co7nplicntions 
such as rate of application being increased, etc. However the matter 
is still having attention and I hope that some solution will be found 
in the near future. 


Then Mr. Beid Shaw mentioned a whinstone that is al.so found in 
Assam that, owing to an earthy streak of decaying rock in the quarry, 
wiien broken often has an earthy face on some pieces; they find difficulty 
in coating these pieces completely. Asphalt will not adhere to dirt.v 
stone and this face of the stone being earthy is impossible to coat and 
there is no means of getting over the difficulty other than rejecting such 
particles. As a matter of fact the stone that is used bv the Bombav 
Mumcipalitv also suffers from this defect but it has been found that 
provided there is not too high a pmportion of such particles no great 
harm occurs even if some faces are not coated. Such stone eets Avell 
embedded m the carpet nmong.st the other coated stone. Tbe*^Bombav 
Municipal Boads are very good and T think are a sufficient indication 
that no great harm comes from some particles being insufficiently coated. 

Mr. Browm brought up the necessity of thorough consoliiaiion of 
the base, especially where a surface painting is to be applied lalei I 
most emphatically concur with Mr. Brown and am afraid that it is a 
p int that IS too often ignored. It is essential to give all roads the 
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nnaximum consolidation. Surface painting vanes considerably in its 
•wearing properties ; in some places it is found that it will carry a surprising 
laniount of traffic without signs of wear, whereas in other instances it fails 
under much lighter traffic. Thig I think is directly due to the base on 
'which it is laid. It the base cdntauis only a few stones, especially if 
they arc hard, and a lot of binding material, the stones are apt to cut 
the carpet from below; all bases for surface painting should consist of. 
the maximum amount of stone and the minimum of binding material 
-so that there will be no .sharp points to pierce the carpet from below. 

As regards Mr. Parkhurst’s remarks I am afraid that he has not 
■entirely appreciated my opinion of the penetration or gi’outing method. 
It is a method of construction for carrying con.siderable intensities of 
'traffic which has proved itiself very well in India and T have nothing 
■against it from that point of view. But I do consider that it is a most 
uneconomical method of construction and just ns good, probably better, 
results can he obtained by oilier methods mentioned in my paper, at a 
much cheaper cost. Owing to the excess of binder in the penetration 
method there is greater risk of failure and ultimate rutting and waving 
than with pre-mix methods. With regard to Mr. Mod.ak T have a good 
■deal to reply to. Tn the first place Mr. klodak hac rather considered 
•my paper from the ])oint of view of a liol-mix expert who has to deal 
with city street problems alone: it is not quite fair to compare the 
type of cold-mix ns I have described with hot-mix for there are several 
■fundamental differences. One or two of the exanipt's he quoted in 
'Bombay arc notually works carried out during our experi mental p(>riod — 
•and wo are alwny.s e.xporimonting — and wo are mo«i crateful to the 
Bombay municipality and its engineers for their .nssistanee at all times 
■for wo have learnt many valuable lessons from them. 

Mr. hlodak brings ttp the question of the los.s of solvent, in my paper 
T have suggested that no more than 8 per cent, of solvent should be 
used whilo in point of fact 4-!> per cent, is genernlli ■aufTicient Tlnfber 
more asphalt has to be used in the cold mix types of eonslructinn than 
in hot-mix owing to the higher viseo.sity of tlic a'^plialt. The b'Se of 
solvent during the process of setting up results in about the same amount 
■of a'snlialt being deposited on the road. 

Mr. I^fodnk states that he notices that in the rob] process the aggre- 
gate is measured by volume and not by weight; be <=aifl that hr pi-efers 
•the weight measurement. Personally T much prefer the volume measure- 
ment for the nggi'egate boennse the weight meacuremonl lends 
to ignore the specific gravity of the stone and sand- after 
all tile function of the asphalt is to coat tlie aggiocate and therefore it is 
tlie surface area that counts. Suppose that 100 pound samples of two 
aggregates of exactly the same grading but of different specific gi-avitias 
arc taken; naturally tliore will bo a greater number of the lighter sjtecifie 
gi^avity stones in the 100 lbs. than of the heavier stone and therefore 
the surface area will he greater and so require more asphalt On tlie 
x’olume basis there is no such difficulty and a fixed volume of stone of 
the isame p^ading but of different spocifie gravity would have the same 
surface area. I think that there are often mistakes made in hot-mix 
whore the nggregnto is kept to a fixed grading hut whore for one reason 
or another a different stone of higher or lower gravity has to he substituted 
■for the original nccTegaie; generally llin bitumen conleni is calculated 
•on the grading and so no alleration is made nltbough the surface area 
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has been altered. I strongly recommend that the volume basis for 
measuring aggregate should be adopted 

With regard to the asphaltic concrete on prore^ss ' 

failed after Vo years, I would point out that this the c^d pro^ss. 
carried out in a hot-inix plant and ondng to the 
. there n-as considerable segregation of the «ton® “d ®nncl. I tiling tn 

after seeing the work in progress on the 'Lh the cold 

agree that if properly earned out there is no segi elation 

process. 

On the question of filler, filler can be put in in the cold process, 
without much difficulty. It is rather 

most of the jobs carried out on this process a niantitv of hinder 

the addition of the filler necessit.ates an increase m the quantity of b na r 

to be used. As regards the two coat surface dressing the objection 

to this type of construction is not onlj- cost, a ^ inch fim s 3 

to cone Sni am- appreciable unevenn^s in the base. xMumcipal roadi> 

iu such a town as Bombay where asphalting has been in “ 

number of vears, are naturally almost free from 

this consideration probably does not wei-h heavily with 

it fs a mo.st impoAaiit one so far n« mofu^sil roiids -^rc “"Pf 

two coat surface dressing is an expensive type of Jt ' 

appreciated that a 1 incl. mat can be hud by pre-mix procc.»cs . 

lower cost. 

Dtwaii Bahadur N. N. Aijyangar: I want to know whether a seal 
coat of Spramex is necessary for Shelcrete. 

Mr. G G C. Adami: That is a question I have been asked several 
times; a seal coat is not necessary in Shelcrete as the sand ^wks up 
to the surface. You have all seen Shelcrete Bonds around Delhi in 
various stages of the sealing process and you have seen that S ^Icrete 
does seal itself. The probable effect of a seal on Shelcrete would be a 
rich surface as the sand would still work up and this would mark under 
traffic. A seal is only justified if tbe monsoon is to come immediate y 
after completion of the work and even then it should be extremely thm. 

Dhvan Bahadur N. N. Ayyavgar: In BombaT Shelcrete was J^e last 
year and I heard just now that the top was foiling and I learn that it is: 
an advantage to have a thin film of Spramex. 

Mr G G C Adami: I will find out about the particular road to- 
which 'vou are alluding and 'i-ill let von know; I understimd that you 
said it ‘was on the Thana Boad. If what you 'say is coirect there must 
be a particular reason for there are Shelcrete roads, in the Boml^y 
Port Trust, now nearly four years old which can-y very heavy traffic- 
and which have required neither a seal nor maintenance. 

The Congress then adjourned till 2-30 p.m. 


The Congress re-assembled after Lunch, at 2-30 P.M. Mith I)>wan- 
Bahadur N. N. Ayyangar, Chief Engineer and Secretary to Government^ 
Mysore, in the Chair. 
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Mr, E. Q, Mitchell: Gentlemen, before we start I should like t© say^ 
that there is a further change in the programme. It seems to he the 
general opinion and desire that we might finish to-morrow aftemoon- 
The thing that we must do is to receive the report of the Committee 
regarding the future constitution and so forth, and the Committee has- 
yet fb make its report which is now ready, and I hope it will be in 
your hands before you leave this afternoon. We have therefore decidedi 
“ to have the discussion of that at half-past two to-morrow afternoon. If 
we have not finished all the papers by then, we shall have to break off 
after discussing the report; because, after all, it is a very important 
•thing, and if anybody wants to go to-morrow, he can do so. I think 
this afternoon we shall probably be able to finish the papers unless the 
discussion is very long. I see that the congregation is apparently suffering 
• from indigestion (Laughter) or something of that sort, and if you will" 
not mind you might tell everybody you see, that to-morrou’’ aftemoon 
you will see the doings and future constitution of the Congress and so- 
*forth. 

Chairman {Diwan Bahadur N. N. Ayyangar): Gentlemen, we will' 
proceed ■with our business, and we ■will take up Paper ^o. 10 which will’ 
be introduced by Mr. Greening on behalf of the author who has not beem 
able to attend the Congress. 


The following paper was then submitted for discussion. 
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{Papsr No. 10) 

<C3orragatioii of Water-bound Macadam Road Surfaces in the Bombay 

Presidency, and a Cure 

By 

Henry J. M. Cousens, Superin‘endiiig Engineer, Bombay PrcsiAcncy. 

1. Tliis note deals Tvltb the transverse corrugation of watcr-boimd Maca- 
•dam road surfaces in the Southern and Central Circles of the Bombay Presidency 
where the roads arc mostly surfaced with trap (Basalt) metal. Latorite is used 
in some Districts where trap is not available and quartz metal is used in very 
small areas in the Southern Circle where that is the only material which can be 
got. The metalled widths of the roads vary from 12 feet to 10 feet as a rule 
but are Avider in and near the larger torms. Tlie metalled widths arc ilanhcd on 
each side generally with miunm side uidths about trvo feet wide. Tlie binding 
material for trap metal is generally muram and when that is not available 
a red or brown soil is used. Laterite binds itself. The finished surfaces arc 
blinded with sand, muram or brown or red soil. Corrugations arc not universal 
but only occur in certain miles. The heaviest traflic on the roads is that of 
bullock carts and public motor buses. 

2. The corrugation of water-bound Macadam road surfaces has engaged 
the attention of Engineers in recent years but no definite cure has 1 ill now been 
discovered. Since my fir.st appointment as Superintending Engineer in 
October, 1931, 1 have had the opportunity of carefully studyinc all the Public 
Works Department roads in the Southern and Central Circles of this Pre.sidcncy 
and ha ve found that the use of sand as blindage, cither by itself or mi.ved in other 
blindage, is the cause of corrugations. 

3. If sand is eliminated there are no corrugations. The worst corrugations 
occur when the blindage is entirely sand. The less sajul m the blindage the less 
the corrugations. With muram, broAvn earth or red soil free from .eand there 
are no cornigations. MTierever there is a tendency to corrugate, (‘.e., wherever 
there is sand, the speed of mechanically propelled vehicle.'^ is a contributing 
factor to the coiTugations of the road surface. The greater the speed the worse 
the corrugations. In the Southern Circle there is hardly any .sand used as 
blindage as it is generally not obtainable. Piuctically all the roads there arc 
blinded with brown or red soil or muram. The roads there are remarkably 
free from corrugatious. These exist only in an occasional mile where a little 
corrugation is noticeable due to a small admixture of sand in the blindage or iu 
miles where sand haijpens to be used. 

4. In June, 1930, as Executive Engineer. Dharwar Irrigation Division, I 
wrote as follows to the Superintending Engineer, Southern Circle, in connection 
with this matter : — 

“ Assuming that the road surface is thoroughly consolidated, as if slmiid he. 
with the aggregate pieces in ns intimate contact avith the .surrounding pieces as 
•possible before any binding is applied, and that the foundation is'" good the 
'Corrugations are first started by slight unevennesses in the rolling which cause 
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vertical oscillation in motor veliioles travelling on tte surface due to the play- 
in their springs. If there is loose blindage on the suifaoe this results in that- 
blindage being pushed back with the bnclnvard thrust of the driving wheels in 
waves corresponding to the upward and downward oscillation of the wheels 
and a regular scries of waves with distances between crests of from 18 to 24 
inches is a result of the original uneven surface. . If these waves, formed of 
blindage, are not removed regularly, as soon as formed, the pounding action 
which they induce eventually acts on the hard road surface itself and causes that 
to form into waves also, so matters go from bad to worse. A badly rolled 
surface therefore causes serious trouble and needs constant attention and 
expenditure of money to keep it to its original smoothness. It is therefore 
essential that the finished surface after consolidation should be free from waves 
The heavier the motor vehicles and the greater their .speed the m'eater the 
damage, as the thrusts they transmit to the road surface are so much <n‘eatcr in 
proportion. Hea\y motor vehicles of the public bus t\-pe should Imve their- 
speed considerably restricted. Their present speeds are far too great for our 
roads to stand up to.” 

5. Not all the sand blinded miles produce corrugations. Whether corru- 
gations are produced or not depends on : — 

(a) the speed of the mechanically propelled vehicles ; and 

(b) the number of such vehicles using the road compared with the 

number of vehicles of other tj 7 )es. 

If the speed of mechanically propelled vehicles is not high, corrugations do not 
form ; this is shown by their absence on roads through towns or on ghat roads 
where bends are frequent and speed is naturally reduced. Sand can therefore 
be used on such .stretches of road wdthout fear of trouble resulting. If bullock 
carts and other animal drawn vehicles predominate, the corrugations that are 
formed by mechanically propelled vehicles are quickly dispensed by the cart 
wheels and hoofs of the animals. This i.s particularly noticeable on the roads 
in Khande,sh where there is very heavy bullock cart traffic and at the same 
time quite a number of motor buses. Tbc bullock carts there use the full 
width of the road and the smfaccs, though sanded, generally remain smooth. 
There are very few miles there with corrugations. On other roads again one 
finds sanded miles corrugated in the centre onlj'-, as the sides are used by bullock 
carts which keep these widths smooth. 

6. At the beginning of this year I issued iiistnictions to the Executive- 
Engineers in my Circle in the matter. They have been informed how sand 
blindage, or sand in the blindage, tends to cause corrugations and have been 
directed to nse soft muram, or brown or red soil free from clay or sand where 
muram is not available as blindage, on nil roads in future where there is any 
tendency for corrugations to form (clay soil being rigorously excluded, particu- 
larly black soil). The change over is now taking place and Ihope corrugations 
will have practically disappeared by the end of the monsoon, by which time it 
is hoped the sand in corrugated im'les will have been entirely eliminated. The 
Poona Satnra Road being a particularly bad one as regards oorrugations, I 
decided to spend Rs. 1,000 on removing them from those miles in which the 
metalled surface had not so far been much affected by the pounding action of' 
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*veliioles going over them, as this would save considerably more in the end than 
in repairing the damage afterwards. This has been done and muram has now 
•replaced the sand. A very considerable improvement indeed has resulted 
•giving smooth running for a car over all those miles.' Slight corrugations will 
still form until all the sand is eliminated, but these will soon disappear. Where 
'the metalled surfaces have been damaged as a result of long continued pound- 
ing action on them due to corrugations, such miles will not be satisfeotory 
•until they are resurfaced. As many as possible of these damaged miles are 
•now being remetalled. 

7. Sand proved an excellent binding material in the past for slow moving 
■wehiolea, but due to the tendency the heavy particles have, under fast motor 
•traffic, of being brushed back to form regular corrugations, it has now to be 
abandoned where corrugations tend to form. The much lighter particles of 
the soft muram or soil blindage do not form these regular waves. There may 
"be more dust due to the change-over on those miles where that has to be done, 
but that will be infinitely preferable to corrugations, and it will be no worse 
than motorists suffer in the Southern Division. The dust trouble will, it seems, 
have to remain until the surfaces can be asphalted or concreted. 


•Addendum. 

Since writing this paper in Octeber 1933 hir. Cousens has had further 
-opportunities of observing the results of his remedies and wishes to add that 
•these have been very satisfactory and that the elimination of sand from road 
•surfaces, where there is any tendency to corrugate, definitely eliminates it. 
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I\/r. L. E. Greening (on behalf of We Author of Paper No. 10): Mr. 
Ohairman and Gentlemen, I am afraid I have no remarks to offk- on 
Mr. Coiisens’ paper, but yesterday moraing I received from liim a letter 
■\vhicli he wished me to read before the Congress in continuation of liis 
Paper. I will now read it. 

“The elimination of. corrugations by the method advocated in the 
paper has been entirely successful, as observed by me in my tours last 
month. The 130 miles of the Poona Bangalore road in my jurisdiction 
•which vvas the worst road in this respect, is now entirely free from that 
trouble. In only a very few miles of it there is just the slightest trace 
of corrugations, but this is due to sand not yet having Been entirelv 
■eliminatea from those particular miles, due either to °(1) the harder 
muram used producing gritty particles of the nature of sand, or (2) sand 
still worldng up by suction from the binding of the metalling. (1) is 
being put right by using a more suitable quality of soft muram or earth 
and (2) will gradually disappear. One can now motor over the Central 
•Circle roads without noticing any corrugations”. 

Ghairman: Haa anybody else any remarks to make? 

Capt. G. F. Hall : I admit I do not Imow much about roads outside 
Bihar and Orissa and in spite of the many miles of surfaced roads we 
have seen on our recent tour in the Punjab, N.-W. Prontier Province and 
round Delhi, I imagine that the great majority of pucca roads must be 
of water bound macadam. Though in the course of time they may be 
improved to higher grades they will be with us many years to come, and 
I submit that their maintenance to W'ithstand the wear and tear of heavy 
and fast traffic is an important matter for the consideration of this Congress. 

I have rend kir. Cousens’ paper with more interest tlian conviction iu 
his contention that the substitution of moorum for sand blindage entirely 
.eliminates corrugation. In Bihar and Orissa we use moorum almost 
exclusively for the blindage of our water bound macadam ro.id'! hut corru- 
gation occurs on most of them. In 1933 I "was officiating Superintending 
Bngineer of tlic Chotn Nagpur Circle and was in charge ol about 
miles of water bound macadam roads of which about 715 were unsurfaced. 
In the klarch 1933 number of “Indian Bonds”, kir. Pipe, Executive 
Engineer, Bombay, published nn interesting and instructive article on 
Toad corrugation. He expounded his theory as to how corrugations were 
formed and gave the results of his own observations. He stated that the 
spacing of waves varied from 20" to 32" but that it was invariably 
•constant over a narticulnr length of road. klr. Coiisons observed waves of 
IS" to 24" only. klr. Pipe advocated speed restriction as the only 
remedy. 

I took his article out on tour with me and spent some days comparing 
his observations with my own on .«!evernl corrugated sections of the G. T. 
road. They differed considerably. I did not find ridges formed above 
the surface of the road but that corrugations were formed by depressions. 
Mr. Pipe contends that corrugations are formed by fast cars throwing up 
the blindage into ridges. I had a section of road sprinltlcd with moorum 
containing sufficient loose stones to cause oscillation of car springs. I 
made sundry experiments with slow and fast moving traffic with the 
moorum both dry and w'ct but in neither ease did T find any ridges formed. 
'Hiis is as Mr. Cousens discovered, but, ns I said before, our Bihar and 
"Orissa moorum-blinded roads do corrugate. 

I also took a number of measurements of corrugations on the flat and 
■on the slope. Nowhere did I find regular waves. It, was the exception 
for two consecutive corrugations to be the same. I found corrugations 
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varied from 13" to 44", with 33" slightly predominating. The corruga- 
tions were rarely at right angles to the axis of the road but varied from 
20 to 30 degrees from it. 

I found corrugations far more severe in lengths metalled with quartz, 
which circumstances compel us to use extensively, than in those metalled 
with hai'der stone. This was as anticipated. I came to the conclusion.' 
that it was the slow moving traffic with iron shod wheels, rarely true on 
their axles, that caused the initial attrition and that the fast moving 
traffic did the rest. 

I vTote an article in “Indian Engineering” which was published in the 
issue of September 2nd, 1933, describing my observations and expressing 
my views. While I was making these observations I instructed one of 
my Executive Engineers, Mr. S. K. Roy, to make liis o%vn independently. 
He came to the conclusion that the initial rolling was entirely responsible- 
for corrugations and that they could not he eliminated. To test his- 
contention we rolled about a furlong of road with extreme care and no 
corrugation was visible to the eye or betrayed by templates. We kept all 
traffic off it and some nights later Mr. Roy made an experiment with the 
aid of a spot light and mirror and his apparatus revealed the presence of 
corrugations. 

Incidently, while on the subject of rolling, I am convinced that we- 
roll our quartz too long and with too heavy rollers and cause initial 
atti’ition by damaging the edges of the stones. 

In reply to my article, Mr. Murrell, Executive Engineer, Bihar and 
Orissa, published another in “Indian Engineering” of October 7th, 1933, 
in which he disagreed with both Mr. Pipe and myself aud attributed corru- 
gation to defective sub-grade drainage though I had no fault to find with- 
the drainage of the roads in question. But he also strongly supported 
Mr. Pipe’s advocacy for spec-d restriction by the use of governors on 
mechanically in-opelled vehiclc.s. I am personally opposed to speed res- 
triction except on the grounds of jtublic safety. The traffic of the future- 
is going to be fast and it is our dntv, as road Encineers, to improve our 
roads to stand up to modern conditions and not force traffic down to 
our present levels. 

Since this Congress was convened Jlr. Little. Executive Engineer, in 
the Sholapur District has published an article in “Indian Engineering” of 
November 24th. 1934. entitled "A Rc-volutionaiy Experiment in road sur- 
facing”. He seems to have gone further than any one else to date in the- 
solution of the comigation problem and his treatment is worthy of being 
tried out on a large scale. Briefly, instead of rolling in Ins binding moorum 
from the top with only partial penetration, he lays his moorum at 
the bottom of the metal and rolls till it comes to the surface, with 
apparently vastlv superior binding properties. Ho claims that in attempt- 
ing to pick up the surface 6 hours later he turned the point of the pick. 

My remarks are intended to show that many road Engineers ore- 
i’lterested in the problem but their results and views do not coincide. It 
also only too, frequently happens that owing to transfers, leave or differ- 
ence of interests, experiments are not continued and much useful labour 
is lost. 

I consider that part of the Petrol Tax Fund allotted to each Province 
should be set aside exclusively for experiments by selected officers and' ’ 
that Chief Engineers should insist that all experiments are continued' 
when any officer roes on leave or is transferred; results being collected’ 
and, pooled through this Congress. 
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As regards coi-i’ugation, it is unlikely that any one method will suit all 
conditions but it should be possible for us to arrive at the best solution for 
anj' given condition. 

Mr. H. Hughes: In Burma, a similar difl&oulty to that described in 
Paper No. 10 has been experienced by topping or blinding rearing into 
corrugation. The conditions were similar to those described in the paper, 
i.o., a water bound macadam road 12' wide on which the traffic conrists 
of 80 per cent, of motors. The rainfall varied from 50 to 200 inches per 
annum. Owing t® this rainfall it is neither necessary to spread topping 
during the rains nor would it stay on the road. The conclusions drawn 
by the engineer in charge of the sections where corrugations formed were 
that they were due to the following causes, firstly the topping being 
spread too thickly, secondly the topping containing silt or clay and 
thirdly the topping which had been dispersed by passing vehicles being 
Sfcraped back on to tits road into ridges across the mad. The remedies 
tried which proved satisfactory were “(1) to spread the topping in very 
thin layers and on the wheel tracks only, (2) to insist on the topping being 
spread along the length of the road, and (3) to use washed sand from 
which silt clay had been removed”. 

Mr. K. G. liliichcll: Ts there any member of the Central P. W. D. 
who is in charge of the maintenance of Kingsway here? This has nothing 
but motor traffic. It has got a red gravel top and frequently corrugates. 
It has got red gravel dressing and nothing else. 

Chairman: Gentlemen, this is a very interesting paper and after all 
is said about various kinds of surfaces, we have to depend upon macadam 
surface ultimately on a major portion of our roads. The cause of this 
corrugation, so hir as 1 can think personally, is ibis. The rear wheel ol 
any motor vehicle is driven by the engine. In proijelling itself, it luis to 
react against the road and therefore it produces air abrasive action on it, 
and any soft surface like gravel or earth or macadam surface is bound to 
get worn in that characteristic w'ay as corrugations and I do not think it 
is possible to obviate these so long as we have got only the macadam 
surface and the motor traffic is heavy and moves at high speed. The 
author says that no definite cure has till now been discovered. I do not 
think it can ever be discovered so long as Ave have a macadam surface. The 
only obvious remedy is to use tar, bitumen, cement or if you please, Mysore 
slabs for these roads. If you have only the sand blindage, the corrusial ions 
occur earlier ns sand has no binding property. But if you put clay, the yuo- 
cess is slower because day has got binding property and w’hen it gets "wet and 
dries, it gets hard. When there is blindage the corrugation first appears only 
at the surface. As time goes on, what happens is that con’ugation enters 
the macadam surface. When you travel at night in lamp light you see the 
corrugations very vividly. There is no regular system under wdiicli they 
are formed- The surface simply wears off owing to the jci'kv morion in 
which the rear wheel has to travel. It is due to the periodical internal 
•explosion- in the engine. The impulse is periodical and it is transferred to 
the wheel also periodically. So the wear also is in jerks and that seems to be 
the real reason for this corrugation and, as 1 have already said,' there is no 
remedy except by improving the mad surface by means of tar, 
bitumen, cement or any similar materials which can stand ahrnsion belter. 
We have no monev and we, have still to go on ■wdth macadam road 
surfaces and the onlv remedv that I can think of under the circumstances 
TS renew'nl of the surface oftener after a light picking of the surface with 
just n thin coat of new metal added. Beyond that I do not see any other 
solution. Before closing we wish to express our thanks to the author of 
the paper for the very interesting subject that he has brought before us. 

Chairman: We shall now' take up Paper No. 12. 

The following paper, was then submitted for discussion. 

M 
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{Paper No» 12.) 

Some Pliysical Aspects of Tyres and Roads 
BY 


G. L. W. MOSS, 

t 

Dunlop Subber Company, Ltd., Bombay, 

The last 15 or 20 }^ears have seen a phenomenal advance in the develop- 
ment of vehicles for mechanical road transport. This advance has not heen 
marked by any revolutionary changes in the type of power unit and chassis 
employed, but is the outcome of a continuous series of improvements in the 
design of their component parts. Of major importance have been those re- 
lating to pneumatic tj-res which are, at once, the ultimate load carriers, and 
the agents gi^^ng effect to the motive power of the engine and retarding power 
of the brakes. llTien it is realised further, that tliese functions arc only inci- 
dental to the primar}’ one of acting as part of the springing system interposed 
between the road and the chassis, their importance needs no emphasis. It is 
difficult to conceive in what form mechanical road transport would have deve- 
loped -n-ithout them. 

2. The economic advantages of a modern road velnclc cannot bo exploited 
fully unless an efficient system of suitable roadways is provided. These must 
be cheap to construct and durable in character. As tlic physical problems of 
tyres and roads are so closely inter-related, the following paper is intended tc 
present some of their general aspects (especially those with reference to tyres) 
in a form which it is hoped will be easily understood, ilost of the subject 
matter has formed part of the ordinary busine.ss of the Dunlop Rubber Co., Ltd,, 
to whom I am indebted for permission to contribute this paper. 

3. Cushioning Capacity of a Tyre. — Apart from its behaviour ns a stnic- 
ture for carrying a load and transmitting acceleration and deceleration stresses, 
it is the function of a tyre to absorb shocks which would otherwise be imparted 
to the chassis by small irregularities of the road surface. This absorption 
is effected by reason of a tjTc’s cushioning qualities which arc determined by 
its ability to deflect under increasing load, on a flat surface. This method 
of measuring cushioning capacity, and hence gauging the riding-qualities, 
is not in accordance with what might be expected from an interpretation 
of the general belief that a tyre behaves as it docs because of its ability to 
absorb or envelop obstacles. 

4. Any obstacle actually capable of envelopment by a Ijtc cannot, at 
ordinary speeds, produce a verticle tlirust of sufficient magnitude to impart 
a noticeable shock to the chassis. Returning then to the measurement of 
cushioning capacity, it is interesting to note the difference in characteristics 
between solid and pneumatic tyres : this formed one of the two chief reasons 
why the general use of the solid was discontinued. 

6. Cushioning Capacity of a Solid and a Pneumatic Tyrc.~I{ a solid tyres 
is progressively loaded by equal weight increments, the amount of deflection 
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; for eacl increment 'becomes progressively less imtil a point is reached when 
any further increase produces no apprecia'ble effect. With a pneumatic tyre, 

■ however, the amount of deflection is practically constant over the whole of the 
useful load-range so that it conforms very closely to the properties exhibited 
by a coil spring. 

6. The condition of rigidity approached by the solid at its full load renders 
. its further possibilities as a good cushioning medium quite negligible. This 

• disadvantage is exaggerated by over-loading, or by a part-worn state of wear 
In which the effective rubber depth is, of course, decreased. In comparison, 
the deflection characteristic of the pneumatic indicates equal cushioning capa- 

• city at all loads, and since only the protecting outer cover of the complete tyre 
is destroyed during sersnce, this cushioning capacity remains unaltered through- 
out the cover's useful life. 

7. Road Stress. — ^Poor cusliioning capacity has considerable ill effects on 
"the vehicle due to the harshness of the shocks imparted, and no one who has 

watched the wheels of a solid tyred vehicle proceeding along a road, or felt 

• the heavy vibrations accompanying its passage will doubt either, that it has 
considerable ill effects upon road structure. Solid rubber and steel t 5 T.'ed 
vehicles are indeed the real road destroyers. 

8. In view of the heavy financial aspect of road construction and main- 

• tenance it is not surprising that certain countries have introduced legislation 
either prohibiting solid tyred vehicles on public roads altogether, or offering 
such inducement in the way of reduced taxation in favour of pneumatics 

•that the fitment of solids is made quite unattractive. In these countries the 
adoption of pneumatics and the development of their use at lower pressures 
must have been very effective in reducing the average cost of maintenance 
per mile of road. 

Some interesting observations arc made by the Highways Commission 
‘ of the United States following experiments to determine road stress, etc., at 
the various loads and speeds common to pneumatic tyred commercial traffic. 
'These experiments were recorded using High Pressure tyres. The Commis- 

• sion states : — 

1. Any road thickness determined as sufficient to withstand weather 

erosion or a given period would also carry satisfactorily vehicles 
up to 6 tons gross weight. 

2. Thiit by increasing the thickness 15 per cent, it would carfy the 

. maximum pneumatic tyred loads. 

The American Bridge and Road Engineers find from a study of impact 
.V curves in the road foundation : — 

A. That if the number of axles of a vehicle is increased, and its 
load increased accordingly, the maximum road stress is not 
necessarily increased. 

. B, That the magnitude of verticle shocks increases with the speed 

' up to 30 miles per hour but decreases above that. 

u2 
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These findings (1, 2 and A, B.) do not indicate any limiting factor to tbs' 
possibilities of the development of bigger and faster vehicles and certaiiJy,. 
in as far as pneumatic tyres must play a very important partj the ingenuity 
of the manufacturer is by no means exhausted and he will not fall behind any; 
of the other interests directly involved in its problems. 

Running Speed and Teniperatitrd of Solid and Pneumatic TyTes,—J.t has- 
been stated that difference in cushioning capacity was only one of the twe 
chief factors which led to the demise of the solid tyre. The other was its m- 
ability to withstand speeds higher than about 20 miles per hour for the rubbec 
became disintegrated by heat and failures were frequent. 

The pneumatic suffers no such disability : the reasons arc as follow*. 
The cycle of compression and recovery which each part of cither a solid or pneu- 
matic must pass through once in every revolution of the wheel, consumes a 
certain amount of poiver in overcoming the intorn.il friction of the material 
comprising it. This loss of power reappears as heat, and the rate at which 
the latter is dissipated from a particu'ar point in the body of the tyre will 
depend upon the thermal conductivity of the material, and the proxinuty of 
the points to the tyre surface. 

9. The thermal conductivity of a rubber compound is very low — little 
better than that of dry wood. While this constitutes an equal disadvantage- 
for both tjTres, if we compare tho thiclmess of a pneumatic and solid 1 }T 0 
designed to carry equal loads, any point near the centre of tliickncss of the 
former — ^whicb is obviously where the temperature is likely to become highest — 
will be nearer the surface than a similar point in the latter. Hence at the- 
maximum speed possible for the solid tyre the pneumatic runs considerably 
cooler, and, in fact, its speed can be increased to a point outside that generally 
required, or possible for a modern truck because eventually, the rate of heat 
dissipation will equal its rate of generation, and the re.-sulting temperature 
still remains below the critical one attained by the solid. It will be noted that 
the difference in temperature characteristics is clue to difference in thickness, 
and not power consumption. Actually the latter is somewlint higher in the 

! neumatic tjTe. 

10. Ciisliionvig Oapacit;/ in relation to Pressure and Section . — The reasons 
for the increased cushioning qualities and higher permissible speed of the pneu- 
matic having been explained, it will be interesting, in view of the continued 
development in the direction of larger sections and lower pre-^sures, to indicate 
the effects of these changes on pneumatic tjTc behaviour. 

11. As is well blown, the cushioning capacity of a tyre can be increased 
by lowering its inflation pressure : when dissatisfaction with riding comfort 
arises, this is indeed automatically resorted to. It is also dependent on the- 
cross-sectional width, for if the capacity of two tyres of different cross-section 
are compared at equal pressures, that of the larger has the smaller value. 
This means that if a reduced pressure, satisfactory from the point of idew of 
comfort (but not tyre life) is found for a small tyre, and a larger tyre is then 
substituted to operate at the reduced pressure, the same degree of comfort 
will not be obtained and a further lowering of the piessuro must be made. 
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- 12, A little tliouglit vdllmakeit clwr, therefore, that in a change of tyra 
•equipment from vrhich an ap23reciable improvement in riding comfort is con- 
templated, the diSerence in pressure between the old and new tyre must be 
■^eat enough not only to pro-\ade the obvious advantage to be expected from 
the use of a lower pressure, but also to mask the disability accompanj-ing the 
.use of the larger section itself, as such. This accounts for the wide difference 
in pressures as between the High Pressure and Low Pressure or Low Pressure 
•and Extra Low Pressure tyre ranges. 

10. Damping Capacity and Poioer Consumption. — ^Ve now come to a 
consideration of the damping characteristics of a tyre which affect its ability 
•to damp out oscillations. To make the meaning of this property clear we may 
illustrate it. If a weight is suspended on a thin coil spring and set moving 
•with an upward and doumward motion, it will continue to oscillate for some 
time before coming to rest. If the operation is repeated with the weight and 
•spring immersed in a fluid (f .y. oil), part of the potential energy of each oscilla- 
tion will be consumed in displacing the fluid itself which will thus act as a damper 
-and bring the weight to rest more gently and in less time than before. By an 
'.inherent lurtue (from the nature of its materials) and not design, a pneumatic 
cover acts similarly in damping out the oscillations of a vertically displaced 
axle. Its efficiency, however, varies with type, and the modem Extra Low 
Pressure is less efficient than the High Pressure in this respect. That this 
ris so is readily apparent, for modern cars are fitted with “ shock absorbers *’ 
or “ dampers' ” to supply an extra damping effect never found necessary with 
the old High Pressure type. 

14. A tyre’s damping ability is connected with its power consumption 
but not in a very obvious manner. Beturning to the illustration given by n 
■Bpring-suspended weight immersed in fluid it will be reasoned that if the 
proportion of energy lost in displacing the fluid increases in relation to the total 
energy of the oscillations (such as would occur by using a thicker fluid), the 

• damping effect would be greater. Such is the case, but it is to be noted that 
•.the actual value of the total and lost energies does not matter : It is only a 
•question of their relative proportion. 

15. Jfow if a High and Low Pressure cover of the same thickntss are 

•run at equal load and speed (but appropriate inflation pressure) the deflection 
■ of the low pressure cover will be the greater, and, therefore, the total resis- 
tance of the cover to deflection, or its power consumption, will be greater, 
but duo to the smaller ratio of thickness to cross-sectional width the Low 
Pressure cover is a much more flexible structure and the jiroporfcion of power 
consumption lost by internal friction is less. When increase of deflection 
and section is carried a stage further as in the Extra Low Pressure cover the 
•power figures increise in miguitude but become^more divergent in proportion. 
The high power consumption and the low damping value is therefore under- 
stood. ... 

16. The Hoad and Tyre GonJtacl Area. — It is g.enerally thought tliat as 
the air-pressure within a tyre is constant at alLiiqints, the road pressure 

• over the contact area is also constant, and that the contact area multiplied 
.by the inflation pressure would give the t 3 Te load. This is not the case, 
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for the geumefcry of a byre is coiiplex and can bo v.arjed \vithin wide limits- 
according to the view of the designer : its material is not uniformly- 
stressed under deflection. 

17. For practical purposes the shape of the area of contact is elliptical : 
any tyres of equal overall diameter, irrespective of inflation pressure, or section, 
wiil, if deflated by an equal amount (say one inch) Imvc the same length of 
contact. But the width of contact cannot possibly bo wider tlian the width 
of the trend wliich is arbitrary. Obviously, therefore, if thotjTcs carry tho- 
sanie load, a low pressure cover with a comparatively narrow tread would 
give a low pressure-area product while a high ])rcssuro cover with a wide tread • 
would give a high product. Jfoitlior would equal tho load carried. JSliraiuntiag 
nirpressurothoreforo, the most that can bo got from tho relation between 
contact area and load carried is tho average road contact j>rossuro per .square inch. 

18. Intensity of Pressure in the Roiul Contucl Arru . — ^Tiio variation above 
and below this average pressure is fairly groat nud Is iulluenced both by the- 
curvature across tho tread, and tho pattern. Tho rounder tlie tro.a'l, tho higher ■ 
will bo tho intensity of ])rcssuro in the coiitro of tlie area. If the troacl is loss 
round and wider, and tho deflootion increasivl (such n.s for O-xamjilo, may bo 
considered to bo tho case with a Low Pressuro cover) tho intensity at the centre 
is decreased while a corresponding increa-se occuns at tho edges. 


ID. Tho better anti-skid properties of Low Pressuro and K.vtra Low Pres- 
sure tjTOs, compared with Jligh Pre.ssHro. is attributed to these tlilTcrouces- 
since any lubnenting film present on tho road will be scraped away as tho tyro 
commences to slide, and tlms provide a clean surface for tho “ follow-up ” 
area. Road coutnet-pressuro can also bo modified by alteration of tread 
pattern characteristics, for obviously if the portioa.s cut away (f.-.*, tho grooves- 
of tho pattern) arc dilforeiit in two tjTcs otherwis*’ alike, tlio contact jircssurcs - 
lit local points will vary botwooii them .accordingto groovc-s size and di-sposition. 

20. Surface lioadA\ car . — The rate of “ break-up " of a thin lamina of a 
hard road surface or " cutting-up ” of a plastic one mu.st decrease for tho £»n>o 
load carried if the contact area of tho tjTo supporting it is incroascfl. Tho 
avorago road pressure of tho pneumatic Uwo is obviously much less than that 
of an irontjTO (such ns fitted to a bullock cart) which approaches a line contact. 
This is true, oven if only tho local areas of IBgh Pressure contact in tlio pneu- 
matic are considered because the rubber pattorn-bloclcs incrc.asingly distort 
themselves as tho road pressure increases, and thus tend to restore pressure ■ 
equilibrium. 


21. At tho same time, ns the- tread commoncos to leave tho road, the- 
recovery of tho pattern-blocks from distortion causes a slip, and honce an 
abras vo action between them and tho road surface, evidence of which is oasih'^ 
discernible in the form of wear the pattern blocks take. It will bo realised 
that an abrasion of tho rood surface accompanies that of the tyre tread The- 
amount depends upon tho nature of tho road materials, but whatever this 
^y amount to, it would bo contrary to reason and common observation to say 
that It was equaUy, or oven as remotely, destructive in its effect as the pulveris- 
ing and cuttmg action of the iron tyre. 
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Mr. G. L. TF. Moss {the Author'): I have not very much more to say 
beyond -what I have akeady mentioned in my paper. Trom its perusal you 
will oather that the chief physical characteristic of a tyre from the point 
of view of the road engineer is its cushioning capacity. I have fairly 
dealt with the difference in cushioning characteristics between a solid 
tyre and pneumatic tyre; an important difference which led eventually to 
tile demise of the solid. I need hardly say that the steel tyre of bullock 
drawn vehicles has no cushioning capacity whatever. We have witnessed 
very important developments in tyre construction in the last two or three 
years, chiefly in the adoption of larger section pneumatics for use at lower 
inflation pressuro.s. These low'er pressures still further improve cushion- 
ing capacity. I would like to illustrate this question of cushioning capa- 
city liv means of a graph which will explain in a few minutes what 
otherwise requkes some considerable time. 

Here the author drew a graph which is reproduced below — 



LOAD IN CwTs. 



196 


I have purposely refrained in my paper from giving figures. You will 
lenlise that the many different sizes of tj'res, and the differing conditions 
under which they work, makes the question of selection a difficult one but 
if any members would like particular figures for definite types or sizes 
of tyres, I shall be very pleased to give them. 


DISCUSSION ON PAPER No. 12. 


Mr. 0. H. TcuJon: Mr. Chairman and gentlemen, the exhibitions 
which the Dunlop Tyre Company have given us on the roadside, as we 
have gone along, of their tyres have all been under dry conditions. What 
I should like to ask Mr. ]\Ioss is, what happens during the monsoon? In 
Burma the mud is inches, if not feet, deep in many places and the 
Burmese cart wheel has a very narrow tyre and the construction of the 
wheel is also narrow in order that they may cut tlurough.the mud and 
reach possibly harder grounds, so that they can move along at all. Is the 
bearing surface of the new air wheel sufficient to support the load in such 
circumstances where you have several inches of mud to contend with? 
If not, the introduction of the air wheel to the agriculturists in Burma 
is quite out of the question because the carts must go on to the fields as 
well as on to the roads. I shall be very glad if Mr. Moss can give us 
some information on this point. 

Mr, K. G. Mitchell', I would like to .ask Mr, hloss one question. Are 
these typical graphs drawn in respect of a point load or in respect of a 
natural tyre resting on a surface*’ Because in the latter ease, ns the tyre 
deflects, the area of contact increa.ses and I do not think it tvould be a 
straight line. 

Mr. G. L. TT'. Moss [the Author): Tho.se curves relate to pneumatic 
tyres at constant air pressure and the increase in contact area does not 
effect them. The area of contact does not alter in relation to the load; 
applied because the width of contact is constant as determined by the 
thread width. If you have an increase in deflection or load, you merely 
increase the length of the major axis of the ellij'se of contact but that 
increase does not bear any direct relation to the increased load which you 
apply. It depends more upon the stiffness of the material itself. For' all 
practical purposes you may take it that the load deflection cinwe is a straight 
line. 


Ohdinnun . I too vould like to ask one or two questions of Mr, Moss 
about these tyres. Generally, in the case of pneumatic tvres, wo speak 
of suction action. Is that correct? I am inclined to think that the 
description of the action is not correct, because if that were so the 
solid tyres would be better than pneumatic tvres. How, in the former 
case, can suction occur? ^Ye know that the same destructive action takes 
place on the road whether it is solid or pneumatic. You may perhaps 
say, because of the weight the tyre gets depressed when the load is 
directly on a point and throws out the dust in the act of recoverin'^. In 
addition, dust is thrown out by the rain due to contrifugnl action also. 

One other point is that in all your trials with bullock carts, vou have 
been usuig pneumatic tyres. I cannot see why you went out of Vour way 
to provide pneumatic t^es for bullock carts. In these cases the toouble 
IS the nde and the hub. You have nice ball-bearing hubs fitted to the 
It'" of the wheels and if you only fitted solid rubber tvres I think the’ 
agriculturist would take more kmdly to it and you would do much better 
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iHiHinoPK nnd nflord much inoro boii«‘fifc to the aErnciiUurist. I suggested 
this jioint more than once to the people concerned in Bombay and also 
hi ilyporo and I :(!<'nt;on the mailer <iiiet' nu'ain hrre. 

.'t/r. K. Q. ?>ti(chcU: T aiu sorry I forgot one thing I wuld Hlce Mr. 
itfoss to deal n*i<h in replying to the discussion. Some year.s ago in the 
Brnnswich experimental test track, they snggosted various materials. I 
think if rv.as definitely eslohlished that- low iiressin’C pnenmatic tyres were 
far mor*' dost met ive tlian high pres«ttre tyres. Perhaps Mr. Moss will 
‘deal with (hat point 

Mr. .1. ir. Dtnu: Is it not a fact that eeii-iderftMy iticva>ed 
draught is re<jutred for the satne toad with low pressure Ih.an with high 
pressure lyres and that tlie extra irnetive effort m.ay tiicn^foro damage 
the road fiomewhaf more? It seems to me there is a direct relation 
hotween tie* tr.irtivo lii’orl of a tyre on a ami tir- d- ttnieliM’ edoct 

•.of II tyre on the road. 

Mr. ff. II'. . 1 / 0 , -is iihr .tii/l.or): 1 have bf-n fi'-lced whether pneu- 
ni.'itic wltcels for carls used on imiddv surfaces would !)•; tnoro or legs 
efficient tinni liie ordin.sry tyn-* of wheol. The gr- at advimtace of pnou- 
jjifitjo ctjnipni'Uit , (<f f(Hir.‘'e, is flnil on j.'round in a •-t.ini-iiiudily stati-, one 
can by lowering the inllntlnn r.ressur*- olit-un an incT'-iis*-d ami concave 
ooiiljiei area so that the ‘tend of th" fyr- cups ilseif niid tiiat has n binding 
action in the groijiid ov(.r which yon are punitiv. Th>' tyre nil! therefore 
sihh; over tl)i> muddy •-oii ratte r than shil: tmd incr«“ti.'>' liie vefrnri d diaMcht. 
It, of course, the ground i? so watery that cotitpre= •!..« i^, tmT.o=«iblo, no 
type of tire would he eitinr more <.r h'.ss etnoteiit tlrm enot!e-r. With 
pnenmatic e<jntpm<'!it. It 1“ true <h;»f yaj would hiive a vjdor stclion of 
t-yre siiiKing to the jhin fouJidrstioii mid .1 preutn.*- ti:<r..'fo:'e tiint a 
slichtly greater effort would he needed 10 <lr.iw (ii” pi.> uir. itic ivo iiudef 
iheso Votiditicre., Tie* preu! i- li-'Wever th.d uh, i. traeti :i over 

certain Kiirfiic'^ is ut1 -rh 5tiipo>-'’-ihle wit'u an f'‘rdii..'.r" type of wheel 
(heemi'-'e it has to sink to '•uch ^lepth*: t,, edit.-, in ririime-s that it is 
irupossihle i'-r the e.irt to h*- dr.wn ut all), wl.-'re tl’.r.se conditions 
T-revail. the pui'innatic tyo' ruahlo'. tliem 1<» he m' ref i it' d vith more or 
less cape. 

I'rom experiments wiiich Imve ejjrrifil out <•:( pi'-ie.;'.- 'I land 

if i- fonud that the drnw-hars pull h-r pm-iunr.tic tyr* d farm o.arts is 
,’dyout one-third of thiii n-'^juiivd fwj- sie--! I;';vd Cfiri-. ’J'imt rd eovtr^c is a 
v<‘n- n]M<re<-i;ili!.-. ditTerence. f)n vi ry Isurd :nui 'inooth surfac-. tiio 
advaijt.'ife i<; .'-till with the ]innniiuiu* tyre Imt it i*- la.t ;o hichly marked; 
hut even so the dr.'i w-li/,r puil i- i>'>rli;»i->- in rhr o ■■i -u t-i l2'» to Od per cent. 

-• I him for slec! tyred carts. 

'Die f)nestiou of slitJpage or, ns the Cliairnu.n ha'- dr.-Jcrihed it, tho 
fluelion of t!»n diirt on tlie r-:<ad, i.uciunt , to thi-. Wh.at aclurillv hiippeiis 
i')k-h tha tyre is in cmitnct with the road is that tho pal'.i-ni clo'i''s up 
jiiirlinlly. This is (u ho expr-eled hee.aune Ih*- are of th- tread i.c compres.sod 
info a I'liord }eii,"ih, WJjcn tie- tread lie-.dm- to le.ave the road tlie pattern 
reli-asf, itself arain and jirunad*"-'. the siijipiiig action of each indopondent 
]^nttcm*l)locl;. This aution con>hinc-d with agitation of flte air by tho 
revolving tyre tread raise-', a died cloud. Actunliy there is no suction of 
the tyre tread ah such. 
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Solid tyres could not be advantageously adopted for bullock cart, for 
the reason that on soft ground they have no advantage at all in tractive 
effort over the ordinary type of steel tyres. In addition a mere change 
from steel to solid rubber tyres would not give any appreciable advantage 
in cushioning capacity. 

With regard to horse-power consumption in relation to lower inflation 
pressures, it is quite true that the consumption does increase as the more 
the tyre is deflated the more is the power consumed in the material of 
the tyre itself. In the case of ordinary motor our tyres say the 5‘2^ 
section on a car travelling at 35 miles an hour, each tjTe will absorb about 
three quarters of a horse power. If you change the 5'23 section to 
7’00 at a very much lower pressure, the horse power will increase to 
about one horse-piwvr per tyre which is an incrc.asc of 33J,vd ner cent. 
However, although these liorse power figures loolc rather alarming, they 
are not very important. Power losses due to tyres are nnlv about 30 
per cent, of the transmission losses in a car. Some people have found 
that with tyres at very low pressure an increase in petrol consumption 
from 6 to 7 per cent, has resulted. I have even heard it ex 2 >resscd as 
high as 15 per cent, but actually one would not normally exi>ect an 
increase in petrol consumption exceeding 8 per cent. In any case, the 
advantage of exh-n low pressure tyres in regard to riding comfort is so’ 
marked that whatever disadvantages arise they are gladly accepted. 

I am afraid, I did not quite understand your point, Mr. Mitchell, ■wnth 
regard to relative road wear between high and low pressure tyres. 

Mr, K. G. MiichcU- It uns proved I think conclusively on the 
Brunswick test track some years ago. If you like I will send you the 
particulars. It is all in German if you can read it. I suppose it was due 
to the slip. 

Mr. G. L. IF. Moss, {fhc Author): It is possible that the question of 
I-attem slippage M’ith regard to road wear is important. It is also import- 
ant to the tyre manufacturer because the pattern slippage determines 
(more or less) the tread wear. Obviously the tyre mnmifacturcr has to 
produce a tyre which is going to give a reasonalily long life. Not quite us 
long ns some people would like it to be, but this question of slippage can 
be modified by alteration in the trend design. So that it is therefore quite 
possible that any experiment which took place two or three or more years 
ago would not now be very acceptable. That is all I have to say. 

Chairman: Gentlemen, you will all join me in passing a hearty vote 
of thanks to 3Ir. Moss for his valuable i)aper. 

IVe will now take up Paper No. 11 Although it stands in the name 
of !Mr. Taylor, it will be introduced by Mr. Pennell. 


The following paper was then submitted for discussion. 
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(Paper No. 11.) 

NOTES ON; THE PLANT USED FOR QUARRYING AND GRANULAT:- 

ING AND OPERATING COSTS ON THE GAUHiVTI- SHILLONG; 

ROAD, lUSASI AND. JAINTIA HILLS DIVISION, ASSAM. 

By 

B. F. Taylor R. N. Offg. Chief Engineer, Assai)i. 

1. General description . — ^Tlio qtiarry lins Ijcon formed by excavating into- 
n small hill ono face of wliicli is sold fine grained gneiss rock. The air com- 
pressor is situated well up the hill above the top of this rock face so as to bo 
out of danger’s wa}' during blasting. For similar reasons the granulator is 
about n hundred 5'ards away at the foot of tho hill and screened by a small 
spur. A quarry road suitable for lorries rmuiing past tho granulator and 
storage bins forms an arc to the main road which ])a!^scs close b}'. 

2. Plant employed for gttarrying . — The following Sullivan machinery of 
the Sullivan jrachinory Company, Chicago. (Solo agents for India— Maefar- 
lano and Company, Limited, 18, Tangra Road, Entnlly, Calcutta.) 


Cost f. o. r. 
Citloulla. 


Jar Comprosiior, does IVK312, aixo 6i bs* 
Drill Btcol famneo (oil), c]ns.s G. F 2 
Drill Sharpener, alnsa C . . . . 

Rotator hanunor drill-s, clasn L7 ' 


Es. 


7,825 

1,000 

2.375 

500 


It ■was found easier to got good tcm]>pring wit!) an ordinary smith’s 
tripod furnace using coke than with the oil furnace. When tlic furnace and 
shniq'cncT arc in use only ono drill can be used and altliough wlicn no 
sharpening work is being done it is jiosaible to run two drills it has been found 
that bettor progres.? is maintained by nimiing one drill only as with two drills 
running simnltancously full air jnessuro cannot l.o maintained witli the result 
that the rotation speed of tho drills drops with corrc.sp ending loss of efficiency. 
Also oven when only ono drill is working continuously tlio slinrjjcner can only 
just about manage to keep it supplied nith sharp and properly tompered 
drills since each drill only give.'? from 8 inches to I foot dofith of hole boforo- 
requiring TO-shatpening and tempering. Three .sizes of drills are used, i.e., as 
the hole deepens its diameter cliniinishcs, tho larger drills give rather moro- 
ponotration than tho smaller ones heforo requiring re-sharpening hut tl’.o above 
may bo taken os tho average jonctrotion per drill. With this Compressor 
therefore it does not pay to use 2 diills. 

3. Plant employed for gramtlating . — Tho granulator is a 12 inch by a 4 
inch portable Iladfiold^ complete with screen and loading platform. Costs- 
f. o. r. Calcutta 5,350. (Solo agents for Hndfiolds, Limited, Sheffield : — Messrs^ 
Balmor, Lawrio and Company, Limited, 103, Olivo Street, Calcutta ) 
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The standard dust excluder has not been found long enough as dust was 
• still coming through with the small chips. It has therefore been lengthened by 
16 inches allowing just enough room, 6 inches length of screen, for the small 
chips to fall out before the first line of 3/4 inch diameter holes for the large 
chips is reached. Changing the jaws and adjusting the clearance between 
'them to alter the proportion of largo to small chips produced is a very simple 
matter. Thejaws both fixed and swing cost Es. 50 each f. o. r. Calcutta. The 
-teeth of the jaws are worn flat after producing 2,500 to 3,000 eft. of chips, 
when they have to bo replaced. 


The granulator is driven by an 18 B. H. P. Lister Diesel engine mounted 
.on a trolley complete with cooling tank. 


(Messrs. Balmer, Lawrie and Company are also the agents for these Lister 
•engines.) 


The prices, f. o. r. Calcutta, arc — 

18 B. H. P. lister engine 
Trolley and cooling tank 

The Fuel Oil used is supplied by the Digboi Oil Wells in Upper 
Assam, the cost cr-godown, Gauhnti. being . . . . 

The consumption is less tlian half a gallon per hour. 


Rs. 


2,485 

152 


07’ 12 per ton 


This engine was supplied without any air filter and considerable trouble 
was e.xporionced due to dust, which is produced in clouds and forms an excel- 
lent abrasive, getting into tbo engine and wearing down the cylinder .wnlls till 
air compression is lost. 

After various trials a very satisfactory filter was evolved. The air intake 
pipe was lengthened some 20 feet and taken outside the engine shod, the end 
bent over at right angles and lot into a 40 gallon drum with about 1 foot of old 
crankcase oil at the bottom, the mouth of tbo pipe being kept an inch or so 
above the surface of the oil. The air thou enters through the buughnlo at the 
"top of tho barrel, passes across the surface of the oil and so up iito the air 
intake pipe. The barrel becomes full of oil fumes siifficiently thick to catch 
"tho dust which falls into the oil and so is trapped and pievonted from contiuidn&r 
-to circulate in the air. This is tho general i^inciplo of the air filters on the 
Caterpillar tractors and is most ofiicient. 

The engine should he sited up wind of tho granulator and tho drivin«T bolt 
bo sufficiently long to keep it 20 feet or so away. AVlion both tho granulator 
and the engine are worldng under cover, tho granulator shod should have 
.open sides, or tho dust becomes suffocatmg. The engine shod should have 
walls, a dust proof wall with a small opouing onlv for the bolt drive being 
.essential between tho engine and the granulator. These ougines are provided 
with c 5 -lindor liners but they are expensive and it is worth while going to some 
trouble to keep the engine room as free of dust as possible. ^ 

4. OKW«m.— Each rotator Jiammer drill gives 25 to 50 feet of hole per 8 
hour working day according to the hardness of tho rock. 

The granulator produces on an average 300 eft. of chips per 8 hour day 
.blit has been worked up to 500 eft. 
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5. Blasting.— "ShQ cLarges aro ftrod electrically, some 6 to 8 Lolas beine: 
exploded simultaneously. TLe depth of each hole is 2 to 2i feet and 1^ to 2 
cartridges (10 cartridges to tho pound) of dynamite are found sufficient per 
hole. Holes of greater depth produce too largo pieces of rock vrhich are difficult 
to break to a section of less than 12 inches by 4 inches tho size of tho granulator- 
jaw opening. Holes two feet deep spaced fairly close together so as to shatter 
the rock were found most economical. 

Dynamite proved much more successful than gelignite as tho latter did 
not shatter tho rock■sufficientl 3 ^ Blasting gelatine would probably give still' 
better shattering results but is considered too unsafe for use by unskilledv 
labour. 


6. Costs. — ^M''ith labour rates as noted below the following are tho cost : — 


Compressor driver wlio also sharpens am 
the drills 
Handyman . . 

Lister engine driver 
Handyman 
Hoad tlrillor . . 

Assistant drilior 
Cooly, malo 
Coolj-, women 
Cooly, boys 

Analysis of rates for 100 eft 


tompoi-s 


Rs. 45 por monsem 
Rs. 25 pormonsora, 
Rs. 35 permonsom. 
Rs. 26 per munsoin. 
Rs. 1‘4 perdaj’. 

As. 12 por day. 

As. 8 pordaj-. 

As. 6 per day. 
iVs. 4 to 0 per day. 


of gramihtcd fne grained gneiss chips from Bashari 
quarry in mile 34(5 of the Gauhaii-Shillong Road inchiding quarrying large- 
stone. 


Rs. a. p. 


1. Co.st of running the Comprcs.sor for lOO eft. of largo stono 

2. Co.st of drilling . . • 

3. Cost of blasting 

4. Cost of clearing and breaking to sizo . . 

6. Co.st of carriage of large stono to granulating shod 


4 6 0 
. 0 7 10 

.278 
. 1 15 0 

.10 5 


Total quarrjdng costs por 100 eft. of largo stono of section not 

excooding lO inches by 4 inches .. .. .. lO 4 II 

For 100 eft. of granulated chips 125 eft. of largo stono aro 
roquirod : — 

Rs. a. p. 

Cost of 125 oft. of largo stono at Ha, 10.4-1 1 . - 12 12 3 

Allownnco of 6 por cont. on Rs. 12-12-11 for unsorvioo- 

ablo stono obtained by blasting . . . . 0 10 2 

Cost of granulating lOO oft. of chips . . . . 5 12 0 

Cost of carriage to storage bins and boxing lOO oft. 

of chips .. .. . . 0 12 10 


Total .. 19 15 3 
Sny Rs. 20 
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.'DISCUSSION ON PAPEB No. 11. 

Mr. K. 'E. 'L. EcnntUl (o» behalf of the author): Mr. Cbakinan and 
jgentlemen, I have not got anything to add to what is given in this paper 
• except to soy that the reason why we had to adopt griinulatons was because 
we found that the cost of breaking chips by hand labour became absolutely 
.exorbitant. We were using the hardest stone we have in Assam and we 
had great difficulty in getting the coolies to break it even to road metal 
size, one inch to 2'o inches, when ordered to break it to ■Jths of an inch, 

Uiey found it practically impossible and refused to face the job at all. So 

the only thing to do was to instal granulators and we found the cost was 
certainly very much less than we would have had to pay for hand- 

breaking and even slightly less than we had been paying for hand- 

‘brealdng to road making size. 


Mr. A. TF. H. Dean : I would ask whether any trouble was experienced 
from excess of elongated chips from this process. Wem the chips of a 
cubical shape? 

Mr. K, E. L. Pennell: No, we found that with the granulator the 
chips were more cubical tliim the debris in the quarries where they had 
been hand-breaking to ordinary road metal size. Previous to getting the 
granulators we had used the debris in the ordinary quarries by screening 
it for chips and these hand-broken chi[is were definitely wedge-shaped and 
vei’y elongated, ^Ye have a Hadfield’s granulator, the swing jaw on 
which is on an eccentric shaft ; so that in addition to the horizontal 
motion there is also a vertical motion and consequently the resulting 
motion of the swing jaw is a slightly rolling one, and it produces nicely 
graded cubical chips, which do not contain any elongated piece.s. 

A member: ilr. Chairman, I have also to .ask one or two questions 
because we have also crushers and we have experienced the same kind of 
nuisance about which mention has been made in llic paper. One of our 
crushers was installed very close to the gi-ound and the stnlT was 
falling into the jiit and the nuisance was very great. So when 
we wanted to instal another crusher we reduced it to a certain 
extent in order to protect tlie men from the«c respirators because 
they find them very difficult to work. I should like to know wlielher 
any attempt has been made to solve this dust nuisance. We have got 
a semi-portable steel boiler, so that the trouble about asking the jieople 
does not arise. The trouble is about the jieoplc who work there. Simi- 
larly, we have got quarries in the same vicinity and we find that in one 
case W'e get a hard stone and in another case a soft stone. While in. 
the case of the soft material the change is affected after an output of 45,000 
feet. Our cost of crushing works out to about Es. 4-4-0 per cubic foot. 

Mr. K. B. L. Pennell: The only other que-stion which lias been asked 
is how we are dealing with the dust nuisance. Frankly we don't Icnow. 
The only thing we can do is to have a shade over this ^anulnlor without 
any walls. We first of all provided walls with the result iliat the men 
w’ere absolutely suffocated, so we took the walls down and raised the roof 
rather higher to get some breeze through it, and the men had to get on 
as best as they could. I do not see how we are going to overcome the 
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dust nuisance at all except by so sitting the granulator that the prevalent 
winds operate in tbe same way as described whereby the engine is upwinds 
of the granulator. (Loud Applause). 

Chairman : I think all will join me in passing a hearty vote of thanks 
to Mr, Taylor, the author of this paper, and to Mr. Pennell for having 
kindly' answered the questions raised. (Loud Applause). 

I tliink we will leave the concrete papers for to-morrow morning. Will 
Mr. Meares kindly come up and introduce his paper? 


Mr H A. Hyde, lil.O., Chief Engineer, P. W. D., Central Provinces, 
-took the Chair at this stage and the following paper was then submitted 
for discussion. 
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{Paper No. 13.) 

TEST TBACKS— A SUGGESTION. 

BY 

C. D. N. Mcares (Standard-Vacuum Oil Company.) 

The object of this paper is not to give any startling information huh 
rather to offer a suggestion which, should it meet wth general approval' 
and support, will, I feel sure, lead to a very definite advance in the 
science of Eoad Construction in India. 

2. In brief, the suggestion is that we have in India now I'eached a 
stage whem independent experiment with different road building materials 
and specifications should bo discouraged in favour of the establisbment 
of a central Road Authority, or Authorities, who would undertake any 
research necessary under the most economical and favourable conditions. 
There are two aspects to every road problem; the theoretical or laboratory 
side, and ilie practical or sei-vicd side. Tor ma.vimum efficiency it is 
necessary to ijrovide facilities to study both. The theoretical or laboratory 
side requires no enlargement, but the practical side is quite a different 
matter, and calls for considerable outlay if oxpwimentg are to be under- 
taken by each and every local authority on actual sections of road which 
are proposed for treatment. Apart from this, however, the greatest objec- 
tion is as regards time — it takes years to got results and during the course 
of these years most of the personnel have changed, records are lost or no 
longer maintained on the. original lines, so that the experiment has little 
ultimate value. The ideal condition would therefore be to reduce the 
practical or service side also to a laboratory problem in which all th& factors 
to be considered can bo reproduced cn an economical scale and under 
exact control. This ideal brings me to the subject of this Paper, Test 
Tracks. 

3. A Test Track is simply a road surface laid precisely ns other surfaces 
under working conditions, but carrying exactly controlled and intensified 
traffic, so that the life of any particular spocification or material can be 
rapidly incasiire'l and co-rolated with existing data to give n substantially 
accurate estimate of what that particular specification or material will do* 
in practice. In this connection, a brief description of the Test Track 
constructed by the Dutch East Indian Road Association at Bandoeng, 
Dutch East Indies, will bo of interest. 

4. Thr Test Track at Bandoeng . — The Track is an oval with straight 
sides each 135' long, connected Avith ends in the shape of semi-circles of 
50' radius, giving a total length of approximately 600'. The paved width 
is lo', and on either berm there is a rail mounted on concrete supports 
to act as a guide rail for the vehicles. Traffic is restricted to two vehicles, 
one a synthetic motor loriy running at 14-16 m. p. li: and the other a 
synthetic bullock c.art running at 3 m. p. h., both of which are electrically 
driven and take power from overhead wires. The running of the vehicles 
is oontrolled from a main switchboard and they are guided automatically 
by being connected to tbe guide mils. Tbe bullock cart is connected with 
the inside guide rail and the loiTv with the outside rail, Avhile the connec- 
lions are telescoping, so that the w’heels travel over a comparatively broad' 
area instead of exactly tracking. Each vehicle is a S-wHeeler, the Inrry 
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having the drive transmitted through a differential to the repr wheels thus 
reproducing actual conditions, while the bullock cart' has the drive eon- 
centi-ated in the third rubber tyi-ed wheel in front to give the effect of 
animal traction. In each case, the third single wheel is the steering wheel 
and the telescopic action of the connector arm to the guide rail is auto- 
matic through an eccentric. On each vehicle, the rear wheels only are 
the test wheels and weight on tlse front wheel is limited to a minimum. 
The paved portion of the track has a 10' boulder foundation, this being 
preferred to concrete n.c more nearly approaching actual conditions. Over 
the foundation is a course of waterbound macadam, and the material 
or specific.'ition to be tesied is laid on top of this macadam. 

The five Photographs' appended to this Papqr will help to clarify the 
foregoing brief description. 

5. Operatio7i . — The method of operation is to divide the track into 4 
sections, each containing half the length of one straight and half the 
adjoining cui-ve. Thus four separate and distinct trials can be carried 
out simultaneously under precisely similar conditions. The vehicles are 
started, and an automatic counter records the number of revolutions of 
each, photographs are taken at frequent intervals, and careful records 
kept of the condition of each strip as the test progresses. In order to 
get even more accurate data a Profilo-meter which records the profile 
of the track at different stages was also tried, but this has not proved 
entirely effective. 

6. Costs and Finance . — ^The total cost of the track, inclusive of vehicles, 
was in the neighhaurhood of 35,000 Guilders — about Be. 52,000 at the 
present rate of exchange — a not unreasonable figure. This outlay yras met 
from the funds of the D. E. I. Boad Association which in turn is financed 
by grants horn Government and Local Authorities. The first tests canied 
out on the track woi*e all undertaken at the expense of the Association, 
but since then it has become the rule for firms dealing in Boad Materials 
to donaie the quantity required for any tests they advocate, other costs 
being borne by the. Association. The present procedure is to undertake 
tests at the instance of any Bond Authority or approved suppliers, the dost 
thus being divided between the Association and the .supplier in the latter 
in.stance. It is considered that no firm of repute is likely tT ask for tc-sts 
unless they are reasonably sure of themselves, and jn such cases the 
Government also benefits by the data obtained and thus the arrangoineiit 
is equitable to both parties. Information regarding successful tests is 
disseminated regularly among subscribers to the Association, and it cannot 
be too strongly stressed that in this direction lies the true value of a 
centralised Test Track. 

7. Adaptation to Indian Conditions . — ^Far be it from me to criticise the 
Bandoeng Track, but failing an opportunity to discuss the matter with the 
Butch East Indies Boad Association authorities, it seems that there arc 
several possible improvements and economies. Commenting with due 
diffidence — 

(1) It would appear that "an impi'ovement would be to have one 
wheel of each vehicle running in the same track (I will enlarge 
on this subject later). Experience in India lends me to believe 
that most' of thn damage to ur.surfaccd roads is done by the 
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Qombinatioit of fasfc-nsDving rubber-tyred traific and destruc- 
tive steel-tyred tmffic, wbOe in many cases the rubber-tyred 
traffic has actually a beneficial effect on paved roads carrying 
bullock cart traffic also. 

(2) The average speed of Motor Buses nowadays is nearer 30 m. p. h. 

than 14-16 m. p. h. 

(3) Tests could be very much accelerated by using a train of bullock 

carts towed one behind the other. 

(4) A better measure of information would be obtained by varying 

the radii of curves, 

(6) A central Test Track may be quite sufficient in the Dutch East 
Indies for tho good reason that the stone available throughout 
the Islands is uniform, and the climate ditto. In India we 
would have to have several such tracks to cope with wide 
variations in climate and material. j 

8. This last item brings us to a slight impasse. The objection to any 
accelerated test is that we are quite unable to reproduce the time factor 
which is important in that it may have a very considerable bearing on 
the behaviour of a particular road binder under service conditions. Also 
we cannot reproduce variations in temperature — another important factor. 
The latter can be overcome to a certain extent bj’ carrying out the test 
of any particular specification at the season of year known to be most 
inimical to its success while the effect of rain can be reproduced by means 
•of a common or garden lioso. I believe, however, that these objectipns 
can well be taken care of by co-relation of Imown results with those 
obtained on the Tost Track. 

9. However, taking the five criticisms enumerated above into considera- 
tion, I would offer 


A Suggestion. 

This is only a suggestion, but it is submitted for your c.arnest consi- 
deration in the firm belief that developments on the lines indicated will 
he a very real step forward in the history of Indian Hoad Construction. 
My suggestion is not one suggestion — ^it is a scries of suggestions, each 
representing a definite stage in the attainwient of a final ideal. 

10. 1st Stage : Establish a properly equipped Inborntory in Delhi 
for the examination and test of aggreaa<-os, binders and samples taken 
from actual roads, both successful and unsuccessful.. This Inmoralory to 
be erected sdoly for road research. 

Establish a Test Track in Delhi, in itself oxpcrimcntal, to determine 
a cheap and efficient type. 

Conduct a scries of experiments to cn-relnte Test Track results with 
loiown results of various materials and speeifications. 

11. I hove suggested DELHI as being a central point for India and 
also because the P. W. D. of that province have already a wealth of 
information available which could very easily be related to results obtained 
on the Test Track Moreover, if these suggestions arc ever adopted the 
Hoad Institute <or Board or Association or W'hatover you like to call it 
must have a headquarters somewhere, and where better than in DELHI, 
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■where, presumably, further Road Congresses will assemble annually. Ror 
■this &8t stage, I would suggest earmarking Rs. 1 laldi to include the 
■cost of Tests of all standard specifications now being used in Delhi. 

12. 8nd Stage : Establish similar Test Tracks in centres most repre- 
■sentative of climatic conditions over the area they will serve, and to 
which cartage of aggregates, etc., from outlying districts would be con- 
venient. 

You will notice that I do not suggest the establishment of further 
Daboratoiies. One central Laboratory should be ample for India, firstly, 
■Be the convej'ance of samples, etc., is cheap and, secondly, because a 
really well trained Chemist would be an expensive item of the yearly 
.budget.’ 

13. An Indian Test Track. — am not going to attempt to design a 

•track myself, but would outline on idea that might be worth development. 
Again, taking the five points mentioned before os accepted modifications ; 

(1) Have the actual Test. Track 8' wide — ^the soling and metalling 

to be 10', say 600' long or approx. 5,000 sq. ft. of testing area. 
Have two corners of 25' radius and two of 50' radius. 

(2) Use light rails mounted on concrete pillars as Guide rails, 

spaced say 12' apart. 

-(3) Construct a light 4-wheeled trolly to run on these, rails (Gauge 
12') carrying an electric motor of sufficient power — say 10 
h. p. to propel the back half of a lorry at 20-25 m. p. h. 

.(4) Mount the motor (which wdll take power from an overhead wire) 
on a platform fi’ee to slide transversely on the trolly platform. 
Connect this platform through a link and eccentric to the 
trolly wheels so that the whole platform slirlf': 18" sn,^ , 
every 20' of forward motion. 

'(5) Connect to the platforni carrying the 10 h. p. motor, the back 
end of a lorry chassis, wdth a drive from the electric motor 
through the gear box to the carden shaft. 

(6) Fix a connection for the bullock cart or carts on the lorry so 

that it or they can be towed behind with one wheel running 
in the track of the lorry wheel. If bullock carts of 2' 4" track 
are used (allowing a 4' 8" track for the lorry), the other wheel 
can ride in between the tracks made by the lorry wheels. 

(7) The bullock carts’ can be made easily detachable so that they 

can be removed and man-handled off the track when the loiry 
test is in progi’ess. 

(8) To acceleratei tests it may be desirable to have two or more 

bullock carts siiitably loaded and towed one behind the other 
to approximate the unfortunate condition we all know tov.- 
w'ell in India. 

14. The operation of a Track on the above lines would be simplicity 
itself and the initial cost low.’* In action, the lony would be on the tr.'ick 
all the time, running for part of the time, in top gear as a lorry proper 
•at 20-26 m. p. h. without the bullock carts, and at other times, running 
in bottom gear, at 3 m. p.' h. ’acting merely ns the tractive force for tlie 
•train of bullock carts. A suitable factor could be introduced to relate 

n2 
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the number of revolutions of the lorry in the latter case to its number- 
of revolutions as a lorry proper, rrom a Test Track on these lines, three- 
separate and distinct results ivould be obtained: — 

(1) Of lorry traffic alone, as on roads, where carts stick to the sides- 

and fast moving traflSe holds the middle;' 

(2) Of mixed lorry and bullock cart traffic, as on roads where traffic- 

is distributed ovel* the entire width; 

(3) Of bullock cart traffic under conditions, such as (1), showinc. 

what would happen to the sides of the road. 

15. The application is obvious. It may be ^ound that a compai'ativeiy 
cheap specification could be used on the centre of the road and a more 
expensive for the sides. Even more exact data could be obtained by 
considering direction and load in the traffic census. Let us consider an 
actual example of working the Test Track in which it is desired to compare 
the respective merits of 3 or 4 different specifications on the approach-, 
road to a town. Assume the following data: — 


Width of road 
jBullook carts 
TiOrrics 
Cars . . 


12 ' 

300 per driy, 
100 per day, 
80 per day. 


Test track carries a train of 8 bullock carts. 

Two cars equal one lorry. 

16. The specifications to be tested would be completed under the most; 
careful supervision on the Test Track, and the test fun continuously. The- 
relation between bullock carts and lorries is as 8: 1'4, but since we 
ba%’e a train of 3 bullock carts, the number of revolutions is reduced to 
the proportion of 1 : 1-4, or, in other words, our bullock cart train must run 
1,000 revolutions to every 1,400 of the lorry proper. You will note that 
in the e.xample I am omitting to take into consideration the revolutions 
of the lorrj’ while proceeding at 3 m. p. b., as I very much doubt if this- 
factor need be included at all, 

17. Now the bullock cart train runs at approximately 3 m. p. h., or 
say, 27 revolutions per hour, while our lorry runs nt 20-25 m. p, h., or 
soy, 200 revolutions per hour, A typical start of the test would be to run 
the lony for one hour and the bullock cart train for 5 hours. Slight 
adjustments in this schedule would be necessary as the test proceeds to 
keep the relationship constant. Let us assume that the tracks made 
measure an average of 2' in width, and thal for any particular specification 
we get the folloiving results : — 

(1) The cart track requires maintenance first at 10,000 revolutions 

of the cart (during which iimo the loriy has done 14,000 revo- 
lutions) ; 

(2) The lorry-cum-cart track requires maintenance at 15.000 

revolutions of the' cart and 21,0p0 of the lorry; 

(3) The lorry trade js intact pt the end of this period. 

18. To interpret thesb results ii- is easy to iCalculnte that in the case- 

require •maintena, nee for the bullock cart track- 
Hu the a oi 100 days if the carts track ' ' 'd the other. Of course, 




GENERAL LAYOUT OE THE BANDOENG TEST TRACK SHOWING THE BULLOCK CART ON THE LEFT AND 
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•this expectation of life must be amended by any factor found necessaiy 
between actual and test track results, vide my mention of co-relative 
tests. . > 

19. If bullock carta are distributed over the whole Avidth of the road, 
■however, and their tracks mix with the loriy ti-aeks, we have result (2)1 
•but distributed over 12’ instead of 2', so that the expectation of life without 
maintenance is 6x150 days =900 days. We know also, that if the carts 
■track one behind the other, probably on one side as is frequently the case, 
we can expect the rest of the road to stand up without maintenance for 
'■900 days, but that the sides will have to be constantly repaired. From 
the information we may find that it would be more economical to use a 
iieavier specification, or, possibly, widein the road to 18' and put in a 
heavier specification track 6' wide on one side for bullock carts going into 
the town heavily loaded. Anyway, the point is that data of this kind 
•would be a vei-y real help to any Engineer engaged in the designing of 
roads. 

20. It is hardly necessary to mention that the possibilities are enormous. 
A test such as that described would take only a little over a month, cost 
■say Ks. 6,000, and might well be the means of saving ten times that 
sum. Carried to its logical conclusion, I can envisage a schemei such as 
that briefly outlined will, in the eom*se of a few years, reduce Eoad Cons- 
truction to vary nearly an exact science. Charts can be prepared for 
different localities, aggregates and specifications in which percentages of 
c-srls to lorries are plotted against the expectation of life with and without 
maintenance per 100 vehicles per foot in width for different conditions of 
draffic. 
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DISCUSSION ON PAPER No. 13. 

Mr. U. D. N. Mcares {the Author) : Mr. Chairman and gentlemen. 1 
have very little more to add to this paper but I would like to take thisi 
opportunity to thank those of you who have written or spoken to mtil 
offering suggestions. One suggestion is that the track as envisaged is too 
big. I pointed out in the paper somewhere that four tests are carried’ 
out simultaneously, and I think you .will agree that with a six hundred 
feet track and only 160 ft. for each test, it is not excessive. Another sug* 
gestion was that we should introduce gradients on the track. I do not 
think that is very feasible. (Applause). 

Chairman {Mr. H. A. Hyde, M.G.): Does any member wish to ask 
any question in connection with this paper or to offer any remarks? 

I should like to say myself that I think this idea of an experimental 
track might be of the greatest value and I think in connection with the 
Roads Congress a central experimenting station including a track of this 
nature should be seriously considered. As I think Mr. Mitchell suggested, 
we would exchange results of experiments and experiences; nearly every- 
body has made experiments with various types of roads, and if some of 
this experimenting were centralized, it might have the effect of saving a 
great deal of money. An experiniental station for practical tests and a 
laboratory attached should I think be seriously considered by the Roa^ 
Congress. Has Mr, Mitchell got any views on an experimental station 
of that nature to be started and financed from the Road Fund, instead of, 
as has been happening, giving out a certain amount of money to the Pro- 
vinces for purposes of experiment? Has anybody got any ideas on thisi 
point? 

Mr. A. W. H. Dean: One thing about the experimental work done in 
Delhi is that we saw things that had not been tested. If we had a test 
track, then definite figures would be of value. 

A Member: Is it proposed to introduce more than one test track? 

Mr. 0. H. Teuton: It seems desirable to have one for a dry coxmtry 
and one for a wet country where the humidity and high temperature can 
rapidly disintegrate most things including road surfacing materials. We- 
should therefore take into consideration the question of materials for use 
in earth roads. 

Chairman: That is an obvious disadvantage to having a test track: one 
test track could not very well introduce the climatic factor; but even so, 
1 should imagine that if a test track in Delhi for instance were used 
during the rains, during the hot weather or during the cold weather, one 
could obtain certain amount of variation even in a central place but not 
quite to the same extent as might be desirable. 

Mr. C. D. N. Meares {the Author): The suggestion I had in my Twind 
was that the first test track should be in Delhi so that we might get 
some idea^ from that as to the type and its usefulness and so on, and 
later on, if we find that there is money available, to establish one for 
each Province. That answers Mr. Teulon;B question I think. 

Shaw: I think this is a zdost excellent idea if it is going 
to be done properly. If we are going to have a proper test track and 
laboratory, the work must be done properly and this -will necessitate the 
co-operation of the chemist and physicist as well as engineer. It would; 
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be no good telling us what the results are at Delhi unless an absolutely 
correct definition of the stone and the condition under which it is used 
are given. 

Mr. C. D. N. Meares {the Author')-. I suggested, I think in connection 
with the test track, a central testing station and a laboratory for testing 
material as well. 

Mr. G. Reid Shaw: If we can have that, of course it would be most 
useful. 

Mr. D. Macjarlane : Might I suggest for what it is worth that if this 
test track is going to be run at all with or without a testing laboratory 
and chemists, it is essentially a thing that must be centralized by the 
Government of India. We would not get anywhere if we merely dis- 
cussed amongst ourselves what an excellent thing it would be and then 
we left it at that and hoped for the best. I would suggest to Mr. 
Mitchell not as Secretary of this Congress but as the Consulting Engineer 
(Bonds) that this Congi-ess might pass a foi-mal I'esolution that we should 
recommend to the Government of India that they themselves should start a 
I'fisearch bureau more or less on the same lines as is I think done in the 
Case of irrigation research. I do suggest for what it is worth that if we do 
pass a formal resolution, something might possibly come out of it. (Loud 
Applause.) 

Mr. K. G. Mitchell.: Mr. Chairman, I think we ought to be very 
grateful to Mr. Meares for bringing this to notice particularly at this 
juncture b'eoause we are now possibly in a position to go ahead with it. 
If this Congress is to come into being as we now all hope it will be and 
if it is to have committees for promoting research and intelligence, _ it 
will be possible for us to do a great deal in this way under your direction 
and advice. So long as we were somewhat isolated and had to correspond 
'vith each other through purely official agencies, that was not easy. The 
congress met this morning and amongst other things proposed is to 
appoint a technical committee to consider that are the most urgent ques- 
tions which will have to be taken up, to recommend on what subjects 
papers might be read at the next Congress, and generally to advise on 
future research and intelligence. Here you have proposals on the one 
hand and, on the other hand, you have a body which is eminently 
qualified to deal with them. My own ideas are nebulous at present, but I 
have had it in my mind for some fame that, with the transfer of the 
agricultural research station from Pusa to Delhi, which is perhaps not 
very popular everywhere, it does give us an opportunity of having 
scientists here on the spot and possibly there is plenty of room and we 
can combine this test track with them and have a road research station 
in conjunction with the agricultural research station and you can see all 
the scientists who will be on that station and who will be of very ^eat 
assistance to us in connection with a vast range of subjects including 
soils or earth roads and so on. I think if the congress will now p.ass a 
resolution saying that they consider it desirable that some kind of central 
research station including a test track and other equipment should be set 
up, it ought to be possible to do it in conjunction with the agricultural 
research station and I think that that will be a very suitable arrangement. 
As regards the Provinces subscribing,- possibly that would not be neces- 
sary at this stage because, as you know, the reserve in the Road Account 
was created- inter alia to provide funds for research and experiment and 
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I cnmiot coiicfivc that Hint money could bo belter npplicd than in having 
a research slalion if it is not loo expensive and to carry out a programme 
of research directed by the advice of this Congress. (Loud Applause). 

Mr. D. Macfarlanc: If I understand Afr. Mitchell correctly, it means 
tlint his hand n’ould be strengthened if a Resolution to this oftect is 
passed at this Congress. 

Mr. K. G. Mitchell then proposed the following rc.solution: 

“This Congress recommends to the Government of India that a Central 
Road Research Slalion including a lest tract should be set up in Oclhi 
flud be finanecd from (he (Vniriil Reservo in the Ri>:ul Accounl. 'I'lie 
details and an oslimalo of Iho initial and recurring cost to bo worlccd out 
bj’ a technical sub-cominilleo of the Congress”. 

Mr. D. Mnrfttrlinir : I think we can pet the sub-cormnittoe of the 
(.’ongi'oss to work out the details to-day. Wo should merely put forward 
the form of the resolution and leave it to Government to find the money. 

ilfr. K. G. MHcltcU: Wo have nppohilcd a technical sub-committcc of 
the congress and it seems to mo that it is rather for that body to advise 
us liow far we ciiri igo. 

Mr. D. Mncfarliiuc : 1 thoroughly agree with you on that point but I 
rnllier doubt their capacity to do so. You, as Secretary of the Congress, 
arc in a better position to do this. 

Mr. S. S. Bhartai: Wo might indicate on what lines we %vnnt this 
track to be constructed. Wo might say about the different materials and 
also the different tralVic conditions. All these points should he hrouglit to 
their notice when they consider the construction of this trade. 

-Ifr. K. G, Miichcll: It will all have to bo gone into very carefully and 
that is the reason why 1 wish to get the assistance of thc"^ technical sub- 
committee. 

Mr. S. S. Bhaijai: That is exactly my point. The snb-coinmittco 
would probably bo more able to help on those points and then the Gov- 
ernment of India can get on to the job. 

Mr. K. G. Miiclu'U: This is a matter of great importance. Actually 
the Provisional Gommillce this morning has appointed a .sub-conmiiltee 
which consists largely of people who ore not too far from Delhi so that 
they can meet fairlj’ easily. It will not he n question of postponing it. AVo 
iiad better leave the Resolution like this ; 

“This Congress recommends to the Government of India that a 
Central Road Research Station including a test track should be sot up in 
-Delhi and be financed from the Central Resen’e in the Rond Accounfc.-- 

Mr. D. Macfarlanc: Wo had better not throw cold water on the efforts 
of the sub-commitloe. If they can get down to any concrete proposals so 
much the hotter. A speaker said this morning that he did not quite see 
where this Congress was getting at. Here is an opportunity of getting 
at somethinp definite and concrete. 

The Chairman put the Resolution which was passed with acclamation. 

Mr. K. G. MHchcU: We would like to discuss the constitution of the 
future Committee at half past two to-morrow and we sliall (hen finish. 

The Congress then adjourned till 10 a.m. on Tbursdav, the 13th Decem- 
ber 1934. 
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FotirtJi Day; Thursday, December 13th, 1934. 

The Congress reassembled at 10 3ilr. O. H. Teulon, Chief Engi- 
neer, Public Works Department, Burma, in the Chair. 

Chairman : Gentlemen, it has been decided to take up papers Nos. 7, 8 
and 9 together. I would therefore ask Mr. Greening kindly to introduce his 
paper No. 7. 

The following paper was then submitted for discussion. 
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(Paper No. 7.) 

THE USE OF CEMENT FOR THE CONSTRUCTION OF ROADS-' 
IN THE BOMBAY PRESIDENCY 

BY 

L. E. Greening, Executive Engineer, Bombay. 

1. The advantages of cement as a material in the construction of roads 
has been recognized by the Public TVorks Department ’of the Bombay Presi- 
dency, but its use has been, by reason of financial stringency, restricted, and 
as a result such, construction is largely in the ejqperimcntal stage. The roads- 
of the Bombay Presidency in the charge of the Public Works Department 
are for the most part in open country, connecting one large tovn "with another, 
passing through scattered villages only. The portions through the large- 
towns and the subsidiarj’^ roads therein do not normally come within tha- 
province of the Public Works Department, but witliin that of the Munici- 
palities concerned. 

2. In 1930, an experimental length of cement macadam road was con- 
structed on the Poona -Nasik Road in the Nasilc Division. The method of 
construction was the "Sandwich” method in which a layer of trap road- 
metal was first laid loosely to a depth of inches, true to longitudinal grade- 
and camber, and lightly consolidated by means of a road roller of 10 tons- 
weight. Upon this initial layer of road metal, dry mortar consisting of one- 
part of cement to two parts of sand by measurement, was laid to a depth 
of inches. Over this a final layer of road metal was then laid to a depth 
of 2 j inches, after which the surface was lightly watered at a rate of approxi- 
mately 35 to 60 gallons of water per 100 square feet, the quantity varying- 
with the atmospheric temperature at the time of application. The surface 
was then consolidated with a road roUer, until the mortar appeared on the- 
surface, ha-ving filled the voids in the road metal, so as to form a homogeneous- 
material. On the completion of the rolling, the surface was lightly tamped 
by means of a hea^'y wooden screed in order to remove any inequalities, 
and then cured under water for a period of 14 days, after which a further 
period of 7 days was allowed to elapse before the road was opened to traffic. 
This type of construction cannot be said, however, to have been a success. 
Soon ^ter completion several longitudinal and transverse cracks made their 
appearance and had to be treated with hot bitumen. Later, the surface 
commenced to disintegrate in places, where presumably the mortar had not 
permeated thoroughly the layers of road metal. No expansion joints were 
at first pro-nded but later these were found to be necessary and were provided 
as a means of prevention of transverse cracks. Considerable -trouble was 
encountered at ihe joints because the roller could not be used for consolida- 
tion in their immediate mcinity and thus this important function had of 
necessity to be performed by means of hand rammers. A possible solution 
of this difficulty lies in the formation in advance of cement concrete bars- 
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of say 9 inches in Tridth at those distances at which joints were to occour 
and to allow them to set sufSciently hard to carry a road roller across them* 
The cost of the cement macadam roadway in question amounted to Hs. 2-9-0' 
for one square yard of finished surface, for which area the quantity of cement 
used was approximately 50 lbs. 

,3. For the purpose of comparison a true cement conoerete roadway 
was laid on the same road in 1931. This consisted of three widths each of 
nine feet, the total width of roadway thus being 27 feet. The section of each 
•width or slab was of the dimensions 6 inches at the edges, reducing to 4 inches 
for the central two feet, and each slab was laid in lengths of 35 feet, quite 
independent! j', on the strip method. Transverse joints were provided, a 
premoulded bitumen filler of 3/8 inch thickness being used for this purpose. 
Ifo longitudinal joints were used, each concrete strip butting against the 
other. The roadway, the cost of which was Rs. 5-5-0 per square yard, has 
been so far entirely successful. The proportions of the concrete were 1:2: 
3 and gave, on test, on average crusliing strength at the age of 28 days 
of 440 tons per square foot. 

4. Early in 1933, on the Poona-Alimednagar Road in the Poona Division 
a short length of roadwaj’’ was laid composed of side widtlis of cement concrete 
C feet wide and 6 inches thick, and a central width of 7 feet 6 inches of bitu- 
minous (grouted) macadam. The object was to provide a cement concrete 
track on each side for slow moving bullock cart traffic, and a central width 
for the passage of fast moving traffic. Owing to the short length of time 
during which the road has been subjected to actual traffic conditions, no 
definite opinion can as yet be given as to the degree of success attained. The 
cement concrete side strips had a uniform thiclcncss of six inches, and were 
laid in lengths of 40 feet. Expansion joints of the pre-nioulded bitumen 
type w'cre provided and also three steel dowel rods were inserted at the joints 
each ha'\’ing a length of 4 feet and a diameter of inches. 

6. In the three types of roadway described, the cement used was manu- 
factured in India, and complied in all respects even the requirements of the 
British )Standard Specification. 

6. There are, it is considered, two factors tendiug to militate against 
the more general use of cement in road construction in the Bombay Presi- 
dency, the one, being its comparatively high initial cost, and the other, the 
essential need of construction by soraeAvhat highly skilled labour. As regards 
the first, the present unfortunate financial position operates adversely and 
in the second case, the labour which has of necessity to bo employed is of a 
low order, requiring constant and detailed supervision. Further, the volume 
of traffic other than in towns and large villages is not such as to warrant 
such comparatively costly construction. 

The problem of the slippery surface has not so far arisen to such an 
extent as in other countries due posssibly to climate and to absence of 
intense traffic conditions, certainly no complaints on this score have so far 
been made by users of the highways of the Bombay Presidency. 
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Mr. L. E. Greening {the Author): Sir. Chaii’man and gentlemen, I have 
very little to add to my short description of the use of cement in road 
•construction in the Bombay President. Two types ot construction were 
-employed that is cement macadam and cement concrete. The cement 
macadam was laid for a length of one mile and was not a success. In this 
respect, I might mention that a similar length was laid shortly afterwards 
in the Poona division. They no doubt profited by the length we laid down 
originally and this has shown far better results. The length of true cement 
concrete has been, so far as I am aware since I left the Nasik division in 
1931, entirely successful. The second length of true cement concrete 
referred to in the paper now before you follows generally a similai* type 
of construction to that of a trackway or crete way in the LyalliJui* »listrict 
which we were recently privileged to inspect. In this case, however, the 
•ooporete strips were of a width of 6 feet and were laid directly on to the 
•original water bound macadam road after it had been resectioned, such 
resectioning being necessary to ensure that the concrete strips had a uni- 
form bearing which I might emphasise as being an essential factor in con- 
•crete road construction. The central portion between the concrete strips 
■was laid in asphalt grouted macadam. That is all I have to say. 

Chairman : Will Mr. Turnbull please introduce his paper No. 8. 

The following paper was submitted for discussion. 
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{Paper A’/). .■?.) 

CEMENT CONCRETE ROADR 

BY 

TF. J, Turnbull, B.Sc., M.Inst.C.E. 

(The Concrete Association of India.) 

Owing to the urgency of the demand for roads to meet existing feaffic' 
requirements, research has lagged behind construction, and many concrete 
roads have been laid 'without a full knowledge of the many factors affect- 
ing the design. However to-day we can say that our knowledge of these 
factors has reached the stage when we cair design with assm^ance a road 
which will meet the exigencies of modern traffic at least. 

2. As in every other problem of structural design, the designing of a, 
concrete road resolves itself into first, a decision as to the forces which 
will act on it, and second an economical design of a concrete slab that 
will resist these forces. M^ith our present Imowledge of concrete, the 
second is fairly straight forward. The first, or estimation of the forces 
which will act on the road, is much more difficult, and this difficulty is 
due to the lack of uniformity in the sub-grade. 


The subgrade. 

3. The subgrade may be defined ns the natural foundation upon wliich' 
the concrete slab and its loads are carried, ns for example, virgin soil. 
A base on the other hand is an artificial foundation such ns an old water- 
bound macadam road. To design a concrete road slab economically we 
must assume that it is supported to a certain extent by the subgrade or 
base. By experience wo know that the character and condition of the 
subgrade affects the behaviour of any type of road surface, and thus it 
can be seen that a Imowledge of the properties of the materials which 
comprise the subgi-ade is of vital importance. A great deal of research 
has been earned out recently on subgrado materials, and engineers can 
now make a more intelligent estimate of the foundation conditions for 
the concrete road slab which they propose to construct. 

4. One of the most important characteristics of all subgrade materials 
is the tendency to change in volume under n change in moisture condi- 
tion. Oci'tain clays mav change ns much ns 60 per cent or more. Sandy 
soils change least of all. Moisture conditions under a concrete road slab 
are not uniform, the moisture content near the edge is usually different 
from that in the centre. It can thus be seen that with a soil whose- 
volume change is large there will be uneven support and probably no 
support at all under the edges of the slab. It is deshable therefore to 
.have as a subgrade a material y^hose volume change is small. 

6. If subgrade materials can be kept relatively dry little trouble will 
be experienced; those soils which are difficult to drain represent one of 
the main problems of the Road Engineer. It is the moisture in the soil 



218 


immediately under the concrete slab which concerns us most, and this 
moisture may enter the subgrade in many ways such as: — 


1. Surface water which is not properly oared for and slips in 

through the cracks and joints of the concrete slab and around 
the edges. 

2. Capillary action of the material itself which is continually draw- 

ing in moisture from the surrounding soil. 

3. Porous strata often exist which periodically become water bearing 

and carry water into the subgrade, and if no exit is provided 
it collects and a bod subgrade condition results. 

With a subgrade which decreases in stabilitj' as the moisture increases 
precautions must be taken to keep the moisture content low or if possible 
to change the character of the material. 

6. The experience gained in increasing the stability of earth roads 
over the same location will generally be useful in maintaining the stabi- 
lity of the subgi’ade. There is therefore much to be said in favour of 
gradually building 'up a highway system from the siin])lo earth road, ns 
this type when improved and stabilised will jirovidc an excellent subginde 
when ti'offic demands are such that a more permanent type of road 
surface is required. The most common methods of improving a bad 
.subgrade are: — ° 


1. Placing a layer of granular materials immediately under tbe 

concrete slab. 

2. Mixing other materials with the subgradc soil. 

3. Increasing the depth of the side ditches. 

4. Placing drains along the* sides of the concrete slab and parallel 

to it. 

5. Proper drainage of all porous strata wliich mav become a water 

bearing. 


7. A layer of granular material immediately under the slab is usually 
quite economical and easy to apply. Tbis porous layer must however be 
provided with proper drainage otherwise it will simply collect moisture 
nud the bad condition will merely bo aggravated. The’ materials that are 
usually mixed w'ith unstable subgrade.s are sand, grave], crushed stone 
slag, or cinders— the aim being to alter the characteristics of the siib«radc 
material so that it will have a low volume chnugo and improved support- 
ing power. ^ '■ 


8. These materials may be used ns a separate layer between the 
-concrete and the soil or Jiarrowed into the subgrade to form a separate 
.crust. Increasing the depth of the side ditches will facilitate the drainane 
-oi the surface run off especially during the wet weather. Drains along 
vne edge of the road slab will prevent surface water from enlerai" thi 

of a bad subgrade may possibly be met by 
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9. The one thing to keep continually in mind is that the subgrade 
uhould support the slab UNIFOBlVILy. No matter how yielding the soil, if 
‘it supports the slab evenly it will not cause cracking. If a very hard soil 
IS left in ridges of compacted earth separated by softer material, cracks 
•are inevitable. Concrete roads traversing swamps, for example, have 
•surprised everyone by the absence of cracking, while similar pavements 
"built over old, compacted, macadam or gravel have been disfigured by a 
•network of cracks. The explanation is simple. The soft, swampy soil 
■supports the slab much as water supports a boat and there is no exces- 
sive bending; the hard ridges of macadam, interspersed by softer material, 
Aised to fill in depressions support the slab Wee the Icnife edges of a testing 
machine. Heavy loads cause excessive bending and the slab ultimately 
cracks over the ridge. Usually the crown of an old macadam or gravel 
-Todd is greater than is required^ for concrete, it is therefore scraped off 
and used to widen the subgrade, leaving a solid ridge of old metal on the 
.quarter points, a loosened center section and edges made- of the newly 
.rolled material which was scraped from the center joint. 

10. The remedy is to loosen the old material until the full width of 
the subgrade, is UNIT'ORMLY^SOFT, then roll it until it is uniformly hard. 
The principal value of the roller is to smooth out lumps, discover soft 
places, and consolidate embankments as they are being built up. A light 
'roller will do this as ■well as a liea-\'y one; most engineers prefer one 
weighing 6 tons or less, A heavy roller compresses soi-ne types of soil 
too much, so that they swell while the concrete is hardening, causing 
.craclring. 


A consideration of the concrotc-in the slab. 

11. Before a concrete road slab can be econoinieally designed it is 
•necossai’y to have ns full a knowledge ns possible of the properties and 
•oharnoteristios of this structural material. In the case of steel wo have 
•bad this full knowledge for many ycnr.s, but it is only recently that 
Kioncrete design has been brought into line with steel. 

12. Bet us follow the behaviour of a J’oitlaiid Cfn.eiit Coucretc road 
slab from the time it is placed on the subgrade until after the ro.ad i.5 
•opened and operated under traffic. Almost us soon us the concrete is 
placed it begins to harden or set. It has little slrengtli yet, even at 
.this stage it is subject to cerlnin stresses. The surface begins to dry 
and this is assisted by wind or hot dry weather. This loss of nioislm-e 
produces shrinkage and the concrete has so far in.suificient strength to 
z’csist this. Hah cracks will quickly appear, and to counteract this the 
surface of the concrete must be kept moist from the earliest possible 
.moment and kci^t in tliis condition until such time as the material has 
attained sufficient strength to resist- these stresses. The subgrade 
may also be the cause of a certain amount of loss of moisture from the 
oinderside of the slab. This also has the effect of causing shrinkage in 
•the concrete and incidentally may cause a ' considerable change in the 
volume of the soil with a resultant strahi in the slab. To counteract 
tills tarred pai>er over th« subgrade bos been used with considerable 
success and is now common jiractice in England. 

13. Tt is important therefore to have the subgrade thoroughly moist 
when the concrete is laid so that thci’o will bo no tendency to draw the 
■moisture from the concrete. WJien shrinkage of the concrete occurs 
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capable of transferring the load is used, otherwise there would have to- 
be a provision for ineiensing the strength of the interior edge of the 
half slab. For example, a concrolo mixture designed for a compressive 
strength at 28 days of 3,000 llis. per sq. inch would have a modulus 
of rupture of 250 lbs. per sq. inch. 


TRAFriC WEIGHT CAVACITV-OF- 7 -e- 9-10 INCH EOfie 
THICKHESS COHCRETl: . 1 >A 4 EMCKTS QASCD OR 
WOmiLUS Of RUPTORt. . 


Formula, 

Modulus ornuPTimc 
COMPUrCO BY fiOLVIHG FOR S"lN FORMULA. 

ate snatiMicuucES, 

W* HAtIMUk VtMbKLlAADS. 

s> ALLOWABI.C VnRKlHS TeHeiLC XTRCHGTH IH 
cohcncft; viiiicH SHbu>.n ite-r tyccco Bo V. 

OH MonuLUB or rupturc. '* 



in. Paiiguc. — ^Tests carried out to determine .how great a load con- 
crete would caiTv before I'epeated applications would cause failures 
indicate that loads over ,55 ]ier cent, of Iho single load which would 
cause failure would break concrete if they were repeated several thousand 
limes. This possibility of fatigue therefore makes it necessary to reduce 
the allowable fibre stress to one half that winch will cause failure if 
applied only once. Provision for usual impact requires nboiil the same 
reduction in the working fibre stress. Since however impact and 
fatigue do not often ojierate concurrently and the road slab increases in 
strength with age before the many njiplications of loads required to 
produce fatigue could he applied, a factor of safety of tw'o is considered 
sufficient to cover both possibilities, and the fibre sti'css is taken ns half 
the expected ultimate modulus of rupture. 

20. Transvereo Strength . — The transverse strength of granular brittle 
materials like n'ortars and concretes is host expressed by the modulus ot 
Rupture. The modulus of rupture is the apparent stress in the extreme 
fibre of a transverse test specimen under the load which produces rupture. 

o 
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•2-4. I'ninsverec* joints sliouia never be skggered unless adjacent slabs 
are completely -separated by lonptudinal joints containing expansion 
malennl so that independent 'longitndinnl movement is assured. Lonni- 
*tudinal joints are put in to -prevenl. longitudinal craclring. This cradling 
may he caused by the warping of the slab or by subgrade heaving 
or settlement. Experience, indicntes that all 2-lanc' pavements should 
'he so divider!. For wider .streets longitudinal joints should divide 
-the pavement into slabs not more than 15 feet wide. Ti only 
one joint is needed it is located on the centre line.. If more 
joints are heeded they should be located where they will receive the least 
wear from wheels which run along them. 

25. Lnni}itutli)ial Consirurlinn JmnlB. — -There are several varieties of 
these and opinions differ ns to the efficiency of each. The tongue and 
•groove eonsfrncJion is very common in .-Vinorien hnt it is only *suitable 
where the tiliekness of the slab is 8" or more. Steel dowels are frequently 
H.sed to transfer the load across the joint. Tlic length of these dowels 
is usually 4 feet and I" diameter and placed in the centre of the slabs at 
5 feet enjitre.s. .-Nnolher jnethod is to thicken the edges of the .slaljs at 
"the centre longitudinal joint in.aktng each strip a separate unit. 

20. TninBr-rTBC K^pavsiou Jatutit . — Ibiwel bars arc put across transverse 
expansion joints to prevent unequal he.iving and to transmit load.s from 
•one slab to its neighbour. Bowels should he hnnded in one slab but 
Imve the bond broken in the other by being coated with jiaint ]>iip(‘r or 
heavy grease There should also be space left at the greasr-d end into 
which the bar can .slide. Both those precautions must be carefully 
•obsona'd to prevent severe damage at every joint. If the lioiid not 
broken or no sjaiee is lift at the end of the bar, then tlie bar will bend 
under the thrust of the expanding concrete, lift one, slali and probably 
•shatter the eoncrete. The sjiace at the end may he fonned by j.lai'ing 
on the end of the bar a hall of comprc.ssible material, a na'tal cylinder, 
•or .anything el.s*- into which the bar can push. Jl should be about twice 
ns deep as tlu> width of the expansion joint. 

27. The material used to break (he bond helwocn the dowels and 
•concrvte should not lie too heavy, for if the bar fits into the eoiurclc too 
•'ioo.sely, une slab may be ♦•atrying mrixinnnn .stress befure the bar 
■•trauBmils mucli lo.'icl to the other slab. A co.iting of form oil or lieav_\ 
gi'cnse is siinicient. Bowels are suppo.sed to tran.smil part of ihe load 
aci'oss tile joint, but, since tlu: amount of its bearing on tlie eoncrete 
cannot be determined, it is impossible to figure wlial diameter bars sluaild 
have, to keep from crushing the concrete. Bowel.s must Im smooth and 
are ordinarily ^ inch rotiml bars placed in the centre of each .slab. It has 
been customary to install dowels at 2 -kvM intervals. 

28. licinfori-rmcnf. — Opinions differ eoueerning the necessity for rein- 
•forceiTicnt. Tlicre is prevale.nt an eironeous idea that reinforcement is 
put in concrete pavement to incronse its load-carrying capacity. That is 
not the case. To incn’nse the beam strmigt)) of a jaiveincnl, sicel would 
have, to be placed in two layor.s, one near the top ami tlie other near the, 
bottom, .since critical tensile stresses may occur either in the bottom or 
toj) of the slab. And it would b<iv<> to be used in much larger amounts 
than has over been considered feasible if it wore to add apjaeciably to 
the pavement’s strength. Additiomil load -carrying caiincity can be 
secured more cheaply with additional tlnekuess of concrete than with 
•steel. Steel doea, however, hold together any cracks tliat form, wlietlier 
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those cracks are due to temperatui-e or to loads, and should therefore- 
prevent settlement and subsequent disintegration under increased impact.. 
This is steel’s only function in a concrete-pavement. 

Camber. 

29. Pavements are sloped from centre to sides so that water will drain, 
from them. The less the slope the safer and more Comfortable the pave- 
ment. Because concrete can be g^ven a permanently even surface very’ 
little slope, or camber, is required to make concrete pavements drain. A 
camber of ^ inch per foot of nddth from centre to gutter is sufficient for- 
country roads but 3/16 inch is better for streets. No concrete pavement, 
should be cambered more than ^ inch per foot except where the slab is 
warped to fit between gutters of tmequal elevation or to vary cui'b expo-- 
sures. In those places haU an inch per foot is permissible, but should: 
not be used where it will cause cars, rounding a comer, to slide against: 
the lower curb. 

30. The section of a pavement may either be two planes or a curve. 
For the flat slopes used on concrete pavements the circular curve formula; 
and parabolic formula give identical results, and the parabolic curve is.- 
much easier to design. The simplest way to apply the parabolic equation; 
to pavement crowns is to divide the distance from the apex of the crown i 
to the curb (or gutter, if the gutter is already in place) into equal spaces.. 
Then if the total fall to the gutter is **y” inches, the fall to a point one- 
fourth the distance to the gutter is (J)® y inches, to a point one-half the • 
distance to the gutter is (^)8 y inches and three-fourths the distance toy 
the gutter is (f)2 y inches. 

The construction of concrete roads. 

31. Materials Suitable for Concrete Beads. — ^The same qualities which> 
characterize good aggregate that is, sand and stone for other types of 

. concrete construction are desfrable in aggregate for roads. These are: 
Cleanness, hardness, toughness, loio absorption, non-glassy surfaces and! 
cubical shape. Some of these qualities are even more important for- 
concrete roads than for any other types of concrete. Cleanness, for- 
example, is important because any dirt in the aggregate is likely to come- 
to the surface .of the slab and form a weak, porous, soft layer .called' 
“laitance” which scales off easily, leaving an unsightly rough-riding pave- 
' ment. It is usually necessary to wash any sand, or gravel before they- 
are used and crushed stone should be free from dust and dirt. 

32. Mixing Concrete. — ^Time is the most important factor in mixing. 
Concrete of the quality common in roads is from 20 to 35 per cent, 
stronger when mixed two minutes than when mixed only 15 seconds. This- 
is largely due to the increased workability secured -with longer mixing 
and the possible decrease in the quantity of mixing water. Thorough 
mixing increases the uniformity of concrete. In tests to determine the- 
effect of mixing time, specimens mixed for only 15 seconds showed an- 
nverage variation from the average strength of 30 per cent., while those- 
made of concrete mixed two minutes varied less than 10 per cent. 
Another advantage of thorough mixing is that it is of great assistance in- 
securing watertight concrete. The speed of rotation of the mixer has- 
little to do with thorough mixing within the commonly accepted limits 
of from' 12 to 20 revolutions per minute. One minute should be absolute- 
minimiTm mixing time. 



33- Placiitg Goncrctc, — ^Tbei'e are a few general precautions to be 
'Observed when placing concrete. Workmen should not track dust or mud 
into it nor should the subgrndo be sprinkled in such a way that dust is 
thrown into the exposed edge of the slab. Worlonen should not be 
•allowed to roam around in the concrete after it has been struck off. 
Footmarks are usually filled with mortar largely composed of laitance and 
■often show as depressions after a few years’ wear, 'Whenever the mixer 
is shut douTi long enough for the concrete to commence hardening, a 
•square butt joint should be made. Othenvisc a sloping line of wcalmess 
will be loft which may ]iush up under the thrust of expansion or crack 
-as the slab contracts. Even when the mixer is stopped for only 10 or 
IS minutes the new and old concrete should be thoroughly sliced together 
■with shovels to make sure that no cleavage plane is left. It is advisable 
to use concrete a little deficient in coarse material next to joints at noon 
and night stops. This is especially true of the first batch mixed in the 
morning, for some of its morfar paints the mixer drum and porous concrete 
as especially objectionable at joints. 

34. JainU . — ^There is one thing of paramount importance in joint 
construction, that is to have the joint truly perpendicular to the surface 
of the pavement. If it is not perpendicular the pressure of expansion 
will cause one slab to slide on the sloping end of the other. Jbints should 
run straight .across the pavement if the 3 ’ fo look well and it is import- 
.ant that the filler be continuou.s from one edge of the slab to the other, 
ior if even a small wedge of concrete spans the joint, spalling or cracking 
•will probably follow. Expansion joints are usually made by installing 
preinonWed filler just before the concrete is placed. The filler is held 
-npright by a bulkliead staked in position. Metal bulkhead'? arc better 
;thnn plank because they are thin and easily removed without pushing the 
filler out of line. 

35. "Poured joints" are sometimes preferred. When they arc iised 
.fi .slightly wedge-shaped bulliliead i.s left in tlie slab when the pavement 
is finished. After the. concrete has hardened enough so that it will not 
.-flow, the bulkhead is removed. Tlic joint is completed by tinst cleaning 
the crnvicc with a pointed hook and then filling with liot bitumen. The 
-chief advantage is that the stiff bulkhead is more easily held in the 
proper position. I'ho joint inaj' be inspected before it is filled and if it 
is not porpendiculav to the surfiioe the instnllatiou methods can be 
changed so tliat future joints will be right — an inspection which is nearly 
impossible with Ihc premouldod type'. There i.s some danger, Imwover, 
•of cracking the concrete a foot or two from the joint when the bulkhead 
is lifted, and if the bulkhe.ad is pulled too late and the edges of slab are 
disturbed after hardening has jirogrcsscd too far, the disturbed sections 
-may later break loose from the slab. 

SC. To insure continuous expansion space from edge to edge, the 
filler should cither bo in one piece of the proper length or shorter pieces 
should be fastened securely end to cud with clips. A -J inch expansion 
joint should bo left around all manhole covers, poles, or other structures 
whicli protrude through the pavement. Some movement of the slab is 
•certain to take place, and, unless allowance is made for these rigid 
structures, the p.-ivcmcnt will be cracked. A piece of prcmoulded joint 
filler, hold in place with n strand of wire, is the best. The dummy joint 
JR a weakened plane made b^"^ cjitting through the top 2 or 3 inches of the 
•slab. The cutting tools may bo the web of a "T" bar 10 or 12 feet 
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long, fastened to a plank for stiffness and provided with plow handles,, 
or it may be a sharp-edged wheel which is run along a straight edge. 

Sr. Finishing . — So far as public approval goes, a smooth-riding finish 
is the most important feature of a pavement. The average motorist 
knows nothing of the hours spent in testing materials, in design, or ^in 
securing the proper quality or quantity of slabj all he is interested isj 
“How smooth is it?” Finish also effects the life of a pavement, since a 
rough surface materially increases impact. A concrete pavement should 
not vary more than i inch from a lO-foot straightedge laid parallel to the 
centre line. 

38. The finishing machine as used in America is usually followed by ai 
float from 12 to 16 or even 20 feet long, operated with its long axis 
parallel to the centre line of the pavement. It is made of plank about 3 
inches thick and 10 inches wide, stiffened by a plank set on edge, along- 
the top and provided with handles at each end. This longitudinal float,, 
as it is called, is handled by two men, one at each end, who stand on 
bridges spanning the pavement. It is laid on the pavement at one edge- 
and puUed towards the other edge with a wiping motion, levelling trans- 
verse ridges and other high spots and filling depressions. 

39. The longitudinal float is an efficient tool for getting a smooth- 
riding surface because it operates at right angles to the screeds or belts. 
If .the latter tools leave ridges, they are at right angles to the wheels or* 
vehicles and so give those vehicles the maximum of bump. The longitu- 
dinal float eliminates those ridges, and any ridges it leaves are parallel to- 
the wheel tracks and do not produce bumps. Following the longitudinal 
floating- excess mortar and laitance are scraped from the surface wdth a 
straightedge mounted on a long handle. That is done to remove the- 
thin layer of mortar that sometimes covers the more dense concrete, 
because it is that layer which is likely to scale off. Scraping also removes- 
the small corrugations not detected by the straightedge and produces a- 
smoother-riding pavement. In India this is usually done by drawing a. 
gunny bag transversely across the slab. 

40. The next operation is testing the surface by means of a straight. 

A straightedge about 10 feet long mounted on a long handle is held so 
that it barely touches the concrete. This is done at intervals of 3 or 4 feet 
transversely with the straightedge parallel to the centre line. Successive 
straiglitedging should overlap by ^ the length of the straightedge. Any- 
high spots discovered are removed and low spots filled. Disturbed places- 
are smoothed with a long-handled float and the surface is again straight- 
edged to see that it is now uniformly even. ° 

41. The final finishing operation is belting, which should be done after 

the water sheen has disappeared from the concrete. A belt of rubber, 
fabric, or a thin board, about 10 inches wide and 2 feet longer than the- 
width of the pavement, is laid on the pavement transversely and dragged 
forward with a sawing motion. The object of belting is the^even distribu- 
tion of the surface mortar and the p-oduction of granular, gritty surface- 
that tyres can grip firmly. A final finish is sometimes given bv' dra^gin'^ 
a strip of canvas, about 3 feet -wide, over the surface. That gives a°very 
even, gi-itty surface and is highly recommended. Sometimes the surface 
IS broken up into tiny ridges by brooming. An ordinarv street broom, 
with medium coarse fibres, is attached to a long handle. ‘After the other 
finishing operations are completed this broom is dragged lightlv from, 
centre to sides of the slab. , ' • & e - a 



42. Hand Finishing. — ^Hand finishing is like machine finishing except 
that the striking off and consolidating arc done with hand screeds. These 
are of wood or metal, shaped to the crown of the pavement, shod with 
steal on the lower face and having plow handles on each end. They are 
usually specified to weigh at least 15 pounds per lineal foot and must be 
constructed so that thej' will nob sag. 

Suvimarg oj finishing operations. 

43. Machine Finishing — 

' 1. Screed and compress. 

. 2. Longitudinal float or belting. 

3. Scrape. 

4. Straightedge 
Correct surface 

Ploat disturbed places. 

5. Belt. 

Hand Finishing — 

1. Screed. 

2. Tamp. 

8. Longitudinal float or hand float or belting. 

4, Scrape. 

5. Straightedge 
Cotrect surface 
Float disturbed places. 

■6. Belt. 

Too much tamping or any over-finishing which brings much mortar to- 
the surface, seems to he responsible for most of the surface scaling, and 
should bo guarded against. 

44. Tlie above finishing operations arc tho.so in vogue in other countries. 
In India however the number of operations is reduced and consists usually 
of; — 

1. Tamj^ing which includes a certain amount of screeding. 

2. Floating with a short wooden hand float. 

3. Drawing a gunny hag lightly across the surface to remove the 

, superfluous moisture. 

45. High joints arc a frequent source of annoyance. Every exposed 
joint should be finished willi a float, sijlit in the middle to form a spac-? 
for the joint filler so that the concrete on both sides of the joint can be 
finished simult-nnoously. Then it should be carefully checked with a 
straightedge notched in tlio centi-e to form a space for protruding joint 
filler. All edges of the slab, including both longitudinal and transverse 
joints, should be I'oundod witli an edger having a radius of ^ inch. 

46. Sometimes the slab is also straightedgod the morning after it is 
laid and any high spots discovered arc reduced by rubbing with a carbor- 
undum stone. ILibbed s])ots do not loolt w'cll but rubbijig does not damage 
the slab. Its chief value is ns n penalty to malcc contractors careful to 
get the surface right before the concrete luirdens. 
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47. Curing . — Curing is the treatment or protection given concrete dur- 
ing the hardening period. Pavements are either air-cured, water-cured 
cured with calcium chloride or a surface coating o£ some waterproof 
material which prevents evaporation. "When concrete is mixed it contains 
sufficient water to hydrate the cement. As soon as it leaves the mixer it 
begins to lose moisture by evaporation and absorption. In hot, dry, 
windy weather the comparatively thin slabs used in paving dry out very 
rapidly. This drying has two effects: (1), There is left insufficient mois- 
ture to complete the hydration of the cement and (2), the concrete shrinks 
as it dries and tensile stresses are set up while the concrete is too weak to 
withstand them. The result is a concrete whose strength is only 70 or 
'80 per cent, of what it would be if it had been kept wet, and a slab 
which is excessively hair cracked. When to this drying is added the action 
•of a sujnmer sun, there is produced a chalky, weak, porous surface layer 
whose resistance to wear is low. 


48. Whatever method of curing is provided, except bituminous coating, 
a layer of canvas or gunny bags sliould bo put on the slab as soon as it 
•can be done without marring the concrete. This should be kept wet by 
frequent sprinkling for several hours, until it can be replaced by the 
•approved curing agent. It is especially important to keep the pavement 
wet the first few daj's and the first few hours ai‘c most important of all. ' 
Strength lost by lack of moisture during the first few hours and days 
uannot be regained by subsequent curing. 

49. Water curing is the surest and safest. The pavement is kept wet 
•durmg the early hardening period cither by a blanket of earth, hay, straw, 
by ponds of water hold on the surface bv small earth bunds, or by 
•continuouB sprinkling. Two inches of earth or G inches of hay or straw are 
usually specified. These must be sprinkled frequently so that they keep 

o times. Hay and straw hold moisture longer than 

•earth. Sand is also satisfactory. Sprinkling is often more convenient 
than a wet covering for city streets. Intermittent sprinkling bv hand 's 
not advisable because the pavement is then dry most of the time and is ’ 
cooled too suddenly when sprinkling starts, but a system of automatic 
sprmkleis which keep the concrete wet continuousl.y is satisfactory. A 
hot pavement should not be cooled suddenly bv the application of n 


50. Several patented processes have recently been introduced utilizing a 
•thin coating of linseed oil or fluxed or emulsified asphalt to prevent’ 
evaporation from the surface of a concrete pavement. These are applied 
^vith a paint spray immediately after the final finishing operation. Com- 
plete tests are advisable before they can be given unqualified approval. 



Mr, Tf. J. Turnbull (the Author): Mr. Chairman and gentlemen 'in 
inti-oducing my paper on concrete i-oaths I have a few adrlilional remark’s to 
make whieli possibly may lead to a certain amount of constructive discus- 
sion. 

It has been for many ycai-s the customary practice to thicken the 
longitudinal edges of concrete slabs in order to obtain a balanced design, 
-but in this connection I ivish to quote an expression of opinion of an English 
authority who states as follows: — 

“Many of the earlier ideas on the design of concrete roads have 
' proved in practice to be fallacious. For instance, as a result 
of extensive tests it was recommended that the edges of road 
slabs should be 2 inches or 3 inches thicker than the remainder, 
with consequent complications in the excavation and shaping 
of the formation.” 

“It was claimed that the thickened edges would prevent corner breaks 
in strip construction, bub the simpler procedure of using addi- 
tional reinforcement in the lop of the slab at corners and a 
tongue-and-grovo longitudinal pint has proved to be more 
effective and less costly. When roads are laid with longitu- 
dinal and transverse joints, it is found that corner breaks are 
minimised by inserting lop I’einforcement for a ividth of 3 feet 
from the edges of the puucls and overlapping this reinforce- 
ment at the corners .so that the weight of steel is doubled in 
an area uiensuviiig 3 ft. by 3 ft. at each corner. A further 
precaution against corner cracks is to ensure that the oonorelf* 
is thoi-oughly rammed at the corners of the slabs, where 
normally tliis operation might not bo so carefully carried out.” 

Tlie above o])iuio,n is, I think, purely a question of economy. In India, 
it is usually cheaper to thicken the cdge.s than to insert reinforcement, but 
in cases whore it is de.sirod not to disturb Ibo existing base, reinforcement 
.-at the sides would be (he obvious design. That is a question which might 
‘be discussed, I think. 

Another point is this. Many engineers not conversant with concrete 
.roo.ds raise the objection that in the event of any irregular wear taldng 
place such as shallow ruts, etc., it would he exceetlingly difficult to make 
■the necessary repairs to bring the surface to ils original level. It is quite 
possible that such wear might occur where heavy steel tyred ti-nfiio is 
•compelled to track ou narrow strips of concrete such as haunches, etc. To 
enable these shallow ruts to he repaired easily, the following procedure has 
been adopted in England; — 

The concrete is deposited to about below the finished level and 
then cotton fabric or loosely u'ovon julc is laid on this surface. The 
'balance of tlie slab is then laid and finished in the usual manner. It is 
•claimed that the insertion of tlic cotton fabric does not weaken tl\e strength 
•of the road and facilitates the removal of, this thin surface course for any 
repairs. It would appear to fonn a cleavage plane. 

The third point is on the subject, of the use of longitudinal shear bars. 
•Comers formed by transverse joints or cracks are frequently pToteeted in 
America by the following expedient. A longitudinal bar ^•" din. is inserted 
about 6" from the edge of the slab and parallel to it. It is painted and 
rgreased and extends from end to end of tlie slab. It is claimed that these 
edge or shear bars reduce corner stresses 20 per cent. 
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The purpose o£ painting and greasing these bars is to break the bond 
with the concrete so as to permit free longitudinal movement cf the bar 
in the concrete and to present intact the full section of the bar for shear 
bearing and bending in load transmission. (Applause.) 


Chairman : Will Mr. Surati kindly introduce Paper No. 9? 

Mr. H. M. Surati, Divisional Engineer, Eoads, Hyderabad, then sub- 
mitted Mr. Zeman’s Paper, No. 9, for discussion. 
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{Paper No. 9.) 

Concrete Roads in Hyderabad (Deccan). 

By 

M. A. Zeman, Chief Engineer, Drainage Department, 

{Hyderabad, Deccan). 

1. Hyderabad, the Capital of the State, has an area of 27*44 square milea 
and a population of 4,66,894 (including the Cantonments). It has all the 
amenities of modern cities such as Electric and Telephone services, Drainage 
and "Water Supply. The total length of roads is approximately 130 miles 
most of which are constructed of metal or gravel. 

2. Adoption of cement concrete roads. — ^Vith the advent and rapid increase 
of motor traffic dining the last decade, the old metal and gravel roads could 
not be economically maintained in an efficient state of repair and the dust 
nuisance was becoming unbearable. The authorities, realising the danger to 
public health and the necessity of good and diistless surface, deputed their 
Engineers to investigate, who after visiting important cities in India, adopted 
Cement Concrete as one of the best and most economical road surface suitable 
to the local conditions available in the State. 

3. General Details. — ^Between the years 1929 and 1932 the State has 
constructed over 21 miles of cement concrete toads in the City. The roada 
hare been constructed in bays of 30 feet lengths with transverse joints at 60' 
degrees to the axis of the road. The road wdths are generally 40 feet. The 
central 19 feet belt is constructed of rich cement concrete having a thickness of 
6 inches in the centre and 9 inches at the sides with a camber of 1 in 60. The 
side berms which are constructed at present of either lime concrete or macadam 
sealed with Bituminous Emulsion or of gravel, will be cement concreted later 
on if required. 

4. Sub Grade. — ^In constructing the cement roads as little disturbance as 
possible was caused to the existing siufaccs but where it was considered neces- 
sary levels were adjusted in order to avoid sharp changes of grades. 

5. Method of Conslrttction. — Cement concrete was laid in alternate bays 
giving an interval of 3 to 5 days. After preparing and rolling the sub grade to 
the required gradient, channel irons 30 ft. in length were used for the side forms 
and were fixed in position by means of 1 inch square steel pins driven well into 
the sub grade. The transverse forms "were of timber 3 inches thick protected 
at top by a 3/8 inch flat iron and the face towards the concrete by 1/16 inch 
plate. Provision for the free movement of the concrete slab was effected by 
laying over the sub grade 3/4 inch thickness of clean sand. 

Cement concrete was laid in two layers, the bottom being tamped by small 
hand tampers and left rough to be immediately covered by the top layer. 
Final consolidation was effected by means of heavy iron tampers working across 
the side forms and weighing about 25 lbs. per foot length, and with a 6 inches 
wide bottom plate. The surface was finished by means of long wooden 
floats all edges of the slab being curved to 1/2 inches radius. 

6. Propoitions. — ^Dift’ercnt proportions were tried for the bottom and top 
courses. The proportions of cement, sand and metal finally adopted from the 
point of economy and efficiency were 1 to 2^ to 5 for the bottom and 1 to IJ to 3^ 



■ibr the top coarse. Char jMinar brand cement which is manufactured in the 
'State has been used throughout. Well graded clean river sand passing a sieve 
•of 64: meshes to one square inch and hand broken granite metal graded from 2^ 
inches size to li inches for the bottom layer were used and for the top layer an 
addition of 1 inch to inches size of granite was made in the proportion of 1 
■to 2. 

7. Joints . — No expansion joints were made but only constructional joints 
■painted with bitumen were left. The rounded edges of the joints were further 
■protected by a thin layer of bitumen sprinkled with sand before opening the 
road to traffic. 

8. Reinforcement . — ^No reinforcement was used except over recently filled 
trenches and aroimd drainage and water supply manholes or similar substruc- 
tures. No reinforcement was deemed to be necessary as the sub grade consist- 
ing of the old gravel roads which had seen years of traffic, was found to provide 
.good foundation. Moreover, the traffic consisting mostly of motors and motor 
buses, horse drawn vehicles with iron or rubber tyres and 1 to 1^- tons two 
wheel bullock carts with iron tyres is light and not heavy. 

9. Lime Concrete Berms . — ^AVith a view to further economise, the side berms 
as mentioned above, are constructed of 6 inches thick ' lime cement concrete 
-in the proportion of 1 part of Hme, 1 part of cement, 6 parts of sand and 8 parts 
• of stone and finished in the same way as the central belt. The concrete was 
.covered with old cement bags kept wet for 3 days and a liquid preparation of 
alum (48 ounces to 1 gallon) was sprayed daily on the surface. On the fourth 
•day the whole surface was covered with 2 inches to 3 inches of sand and kept 
thoroughly wet at least for 7 days in case of cement concrete and 21 days for 
.'lime concrete. The ultimate crushing strength of this Hme concrete in a 6 
inches cube is 25, 30, 32 and 33 tons, at the ages of 7, 14, 21 and 28 days respec- 
'tively. The hme is machine ground and is slightly hydraulic. The cost of 
lime concrete is Ks. 2-12-0 per sq. yard as against Rs. 4-4-0 per sq. yard of the 
'central belt and its strength and life is found to be much more than that of 
-either cement macadam or bitumen painted macadam. 


10. Subsequent Improvement . — ^In the more recent construction of cement 
• concrete roads certain alterations in the design and execution have been made 
following the experience gained in the earlier construction. The CO degree 
•transverse joints have been given up and right angle joints which facilitate 
'better tamping and provide greater strength at the corne.v-< of the slabs have 
been adopted. So far no difference has been observed in the riding qualities of 
the road which the 60 degree joint was supposed to improve and ehminate shocks 
■over the joints due to any difference of levels caused by either unequal settle- 
>ment or expansion. In fact the right angle joint seems to give more comfort- 
-able travel over joints. Secondly, the difficulties experienced in laying a full 
•central belt of 19 feet -width at one operation and the tendency to cause variable 
cambers through the sagging of a long heav)^ tamper have resulted in the adop- 
tion of 10 feet wide strips -with a central constructional joint, which also serves 
"the purpose of a guide to the traffic. 


11. Shppenn^s.^o far there has been no sUpperiness observed on these 
.roads which may be attnbuted firstly to the grading of the aggregate and the 

^amte wiU take up even smoothness under the 
ttraffic. Secondly, the sand consisting chiefly of disintegrated rock is coarse 



grained and does not take up any polish but -n-ears under traffic. With all the- 
difference in strength between the individual constituent of the cemtnt con- 
crete, the surface has been wearing evenly udthout any roughness whatsoever 
Lastly, theproportion of 1 to 2 to ^ and 1 to l-J to 3-J in the case of the wear- 
ing coat is not so rich as to give that polish to the surface which is found 
in the richer proportions. Another cause which keeps the surface non-shppery 
may be attributed to.tlie horse and bullcck drawn traffic with their wobbling 
iron tyred w'heels grinding the surface instead of polishing it. 

12. Mainrcitance and Economy. — ^The cost of maintenance of the cement 
concrete road has been negligible as compared to other types of roads in the 
City. The annual cost per square yard for cement concrete is one sixth of 
an anna, ore wo pies, as compared wdth three annas for the other equally costly - 
bituminous roads in the Cit 3 ^ The savings on a road one mile long and forty 
feet'wide, are computed to be Rs. 60,133 and Rs. 1,61,333 at the end of 12 and ■ 
24 years allowing 6 per cent, compound interest, on all costs, as compared with 
4 inches thick bituminous grouted and sealed road surfaces with 9 inches soling - 
and 6 inches macadam. Besides being economical, the use of cement which is . 
manufactured in the State and is of excellent quality is advocated, whereas 
nearly 50 to 60 per cent, of the amount expanded on Asphalt roads goes out of; 
the State for the purchase of Asphalt. 

13. Results of experience on cement concrete roads : — 

1. The grades, where there is bullock and horse drawn traffic should not 

exceed 1 in 26 and that too for short distances : only from 200 to 
300 feet. A ruling grade of 1 in 30 is preferable for city roads. 

2. There should be no sharp changes of grades, which irrespective of being • 

unsightly, affect the riding quality of the road. 

3. Always provide a central joint with 10 feet strips and tamp trans- 

versely. If no central joints are provided, tamp longitudinally 
with transverse joints closer. 

4. Use only long wooden floats 8 to 10 feet for finishing the surface 

working always longitudinally and parallel to the axis of the road 
with light pressure overlapping the previous floated surface bj’ 1 
to 2 feet. 

Subsequent Notes. 

14. It is now nearly five years since the laying of cement concrete roads 
was begun on an extensive scale in the CSty of Hyderabad and about 22 miles of 
main roads have been already cement concreted up to the end of 1341 R. (Sep- 
tember 1932 A. D.), There are another 7 miles of roads on the roads probably 
which are to be cement concreted during the current and the following two years 
which will make a total of about 29 miles of cement concrete roads, probably 
the highest mileage of this type of road in the whole of India. During these 
five years all the roads without any exception have been giving excellent ser- 
vice throughout all the seasons. There has not been a single pot-hole, nor 
uneven wearing nor unequal settlement nor anything as a matter of fact to 
complain of. The thin coat or scum of cement mortar took more than two • 
years of wear off. And now that the mosaic has appeared, the wearing is ob- 
served to be much slower — thanks to the excellent quality of the Shahabadi 
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'cement anfl granite stones presenting a good grip and foothold to the trafRe 
^nd a pleasing surface to ride on. 

15, Once cement concrete roads are properlj laid, paying particular 
•attention to the right proportion and quality of metal, sand, cement and -water, 
tmixing, laying, tamping and curing, it requires very little attention beyond 
•the maintenance of joints which are filled once or twice in a year, depending 
'upon the amount and nature of traffic, without causing the least obstruction or 
iinconvenience to the traffic or pubUc in general. Maintenance costs vary 
ttrom 1^ to pies per square yard which is negligible compared to other road 
•surfaces. It is estimated that the cement concrete roads in Hyderabad 
'will last from 12 to 15 years and it is too early to say what treatment they 
ishould receive after this period. But it is believed that a 3 inch thick cement 
•concrete wearing coat can be easily put on or that the old road can serve as a 
ifmmdation to an asphalt surface. 

16. It will not be out of place to consider here a few of the advantages of 
'the cement concrete road over the Asphalt Roads in the City of Hyder- 
abad : — 

(1) With TniniTnnm disturbance or cutting of the old existing well consoli- 
dated murum or metal surface, it is possible to lay the cement concrete road as 
against the deep cuttings of eighteen inches to 2 feet required for an Asphalt 
.surface on 9 inches to 12 inches soling with 6 inches macadam and 4 inches thick 
.Asphalt grouted carpet. 

(2) The cement concrete road can be laid very rapidly with less incon- 
-venience to the public at large and less materials and time are required as 
-compared to an Asphalt road. 

(3) The initial cost of a cement concrete road is a little more (about 3 to 4 
annas per square yard) than that of an Asphalt road. But there is considerable 
■saving in the maintenance cost of cement concrete road as compared to 
A.sphalt which at the end of 12 and 24 years amounts to Rs. 60,133 and 
Rs. 1,61,333 respectively on a road, 40 feet wide and one mile long, charging 6 
-per cent, compound interest on the total outlay. 

(4) A well laid cement concrete road is smooth, dustless, sanitary, easily 
•■cleaned. Its joints and light colour add to the visibility at night. It possesses 
low tractive resistance, but with excellent adhesion botli dui-ing dry and wet 
seasons, tending to decrease transportation costs, wear and tear of vehicles 
-and accidents due to skidding. On account of low heat absorption of cement 
■concrete it is more comfortable for pedestrians than Asphalt during Summer, 
while on the other hand, the Asphalt road offers greater tractive resistance in 

iSununer and less adhesion during wet seasons tliereby causing skids. 

(o) Last but not least, all materials including cement for a cement con' 
-Crete road are available locally in the State, whereas Asphalt has to be im- 
ported. 


17. In conclusion, the cement concrete roads in Hyderabad have proved 
-.a great success and appear to be the best surface for all cities in general where 
-there is heavy traffic and particularly for the bullock carts with iron-tyred 
wheels which are the principal vehicles for the transport of goods in India 
from generations past and will probably remain so for generations to come, for 
from agriculture in India is invariably derived 



235 


Mr. H. M, Suraii (on behalf of the authorj: Mr. Chaiiman and Gentle- 
men. as ill*. Zeman, the author of tins paper is imahle to attend this 
^longress and to introduce this paper himself' I am asked co convey his 
regrets and to introduce the Paper on his behalf, and I hope to be able to 
■answer any question or criticism to the best of my abilities. 

On the subject proper, I have nothing much to add except in general 
terms. As we all know, the science of road construction during the last 
■decade or two has been and is demanding considerable attention of the 
engineers and the authorities concerned due to the changed conditions, and 
I am sure you will agree with me when I say that the problem is not solved 
from all its aspects whether of cost, construction or maintenance. The 
science has not yet reached that stage when one can straight away say 
without fear of contradiction that such and such specifications shordd be 
used for such and such conditions, as one would do in finding out the 
size of joists and beams in tlic design of a floor. 

But suffice to say that the road to withstand the modem conditions of 
traffic, and especially that of a big city, should have practically unyielding 
foundations, the materials of which it is composed should lot move under 
traffic when once it is laid or wear rapidly and unevenly, and of course, it 
should be dust proof. These essentials are more or less combined to a 
greater extent, so far as I know, in the cement concrete. But the first cost 
IS ratlier excessive, hence difficult to finance. 

To those who are interested in this material, I would recommend to 
experiment on the following lines to reduce the cost. \Vc in Hyderabad 
have tried to reduce the tliiclcness of cement concrete to 3 inches by provid- 
ing 3 inches lime concrete ns the lower bottom couise or foundation. The 
lime concrete was immediately followed by cement c-oncrcte of 1 : 2^^ : .1 
proportion, and both were well bonded to act ns one solid mass. Around 
nil edges and joints for a width of 9 cement concrete was wholly provided. 
To make the point move clear. I will just give you a rough skctfli 
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This type of construction was adopled for the sides of f'n iinportunt; 
thoroughfare 70 feet wide over w'hich the slow-moving licaviJy loaded^ 
kon-tyred traffic is generally moving. It is now more than two years since 
the road is under use, and so far the surface is standing up well. This is 
all I have to say. (Applause.) 

DISCUSSIONS ON PAPERS Nos. 7, 8 AND 9. 

Chairman : Gentlemen, the tlu-ce Papers are now open for discussion, I 
should be glad if those wishing to speak would kindly come forward. 

Mr. H. A. Hyde : On the subject of reinforcing of cement concrete 
mads, I would like to ask Mr. Turnbull — has the system of X-angle loop- 
forcement been tried extensively and is it of very great value ? 

Mr, N. V. Modali: Mr. Cbnu-man and Gentlemen, I should lilco to say 
a few words on JNlr. Turnbull’s paper. In the first place I must congratulate" 
the author in presenting to this Congress the principal features of 
cement concrete roads in n concise form in this paper. Cemott concrete 
roads in India are of a recent growth and the literature available on this, 
subject is very meagre. It is therefore gratifying to see the author giving, 
the benefit of his experience in the construction of concrete road.s nil over 
India. It is really unfortunate that it has not been possible for him to 
treat this subject in greater detail as in that case tlie paper would have- 
been a guide to those engaged in the construction of eonoroto roads all. 
over India. 

The importance of the preparation of subgrade eaanot he over-estimated 
in the ease of mads subject to heavy traffic. On it, dei>enfls the life of 
the carpet or pavement. The author has rightly stressed tlie impovlance of. 
moisture content in the materials comprising tiu snhgrnrlu, ,iik1 ihe cousc-- 
quent change in volume. A well consolidated nuterhound macadam offers, 
an excellent subgrnde provided it is pr<»perly drained. It is, htm-r;%cr, neces- 
sary as a precautionary measure to spread a layer of i inch ol sand carpet 
as an insulating layer on A^hich a coucrcle slab should" be laid on n i-niforjn. 
sufagrade so that varying stresses may not be developc-cl in i concrete 
after it is laid. 


It is absolutely essential to know the behavioni coucrcle while it is 
being laid and after it has begun to .net, especially on Indian soil where- 
the range of maximum and mmiinum lemi^n.tnres is great and the stresses 
developed m concrete due either to expansion or contraction while settimr 
or to bending while warping very considerably, 

f ^ ° be instrue- 

t ve to Imow from the author whether the slab should he designed for the 

absolute maximum load it may be called upon to carrv occn^iLallv or for 
average traffic load hkelv to pass over it. It vvoiihl nimnnv ,1 ' t ^ » 

it that it should he designed for the heaviest load likely to pnsc''ove?R 
but the section would be larger than necessnrv nnd iiln j 
mors co^lr. Por a ten ton tellet, for teSo' <?.f rtoolTa - 
about 3-94 tons and with 50 per cent, imp.net the total wheel m* 

amount to .5-91 tons or 13,238 lbs. The thickness of?bo ii? \ /J 
would, according to the formula adopted bv the Ylfl, Tnf ^ tho edge 
Con^ss .nd quoted b, the .ntho,-. te cent 


Then the question about the allowance for imnnet is nnnflm, * 
point in the design of a concrete roid sJnh 14 ■ ^ controversial 

cent should he allowed for Set contended that 50 per- 

known factors during construction wliich tend"' t^red® ^ 

concrete, “ reduce the strongth of 
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It is also necessary to have as few joints as possible. In practice, 
however, it is not feasible to lay concrete in greater lengths than 40 to 60 
feet, where continuous system of laying is adopted. In alternate bay system 
the usual lengths are 15 to 16 feet. Due to long range of temperature 
variation and consequent greater allowance for expansion and contraction 
the author recommends a joint interval of 30 to 35 feel. In practice, this 
is found to be the best working length. 

- Now, there are a number of ways b^ which the joints, either longitudinal 
or transverse are filled in, but the most efficient filler in the joint would 
be rubber. Its cost, of course, would be prohibitive. Premouldcd bitumen 
is generally used, but during hot weather the bitumen is squeezed out 
leaving the joint more or less open and the edges of the concrete slab are 
knocked off by the passing wheels. This action is detrimental especially 
where the subgrade is yielding. 

Then another question about the concrete roads is, that where the work 
has to be carried out under traffic conditions, it causes a lot of inconvenience 
to the traffic because curing takes from 14 to 21 days. In Korabay, it is 
found that curing causes great inconvenience, arid it is a matter in which 
some improvement appears to be desirable. There are, of course as I 
say, limitations to every mode of construction. Concrete roads are not 
suitable for every or all kinds of traffic. We have now had sufficient experi- 
ence of concrete roads in Bombay, and we find that for heavy traffic, 
especially from the docks, a concrete road is not suitable. The Argyle lioad 
which has cost about Bs. 8 per square yard has given a lot of trouble at the 
joints, because the traffic Ave are getting is extra heavy, consisting of heavy 
steel tyred vehicles and bullock-carts. The Cement Marketing Company of 
India has criticised me for not adopting concrete for Bombav roads, but 
it'has not been done, not because of the question of strength, but because 
of the question of economy. 

Most of our arterial roads in Bombay have already been constructed and 
they have been constructed on cement concrete foundations. In residen- 
tial areas it is found that even a 4" cement concrete i-oad has given satis- 
factoiy results. In the case of new roads in residential areas, where 
ordinary macadam roads were formerly constructed, cement concrete roads 
have now been laid and the levels on curves and footpaths are so adjusted 
that should the concrete road prove unsatisfactory a wearing caipet of 
asphalt is laid over it so as to give additional strength to the road. 
(Applause.) 

KJiaji Bahadur M. Z, A. Faruqi: Gentlemen, we are much indebted to 
Mr. Turnbull for the vast information contained in his paper, which is hound 
to be very useful to us. There arc just a few points which I want the VTiter 
of tliis paper to clear xjp. Thesp ai’e as follows: — 

In paragraph 2 of his paper, Mr, Turnbull says: — "As in every other 
problem of structural design, the designing of a concrete road resolves itself 
into first, a decision as to the forces which will act on it, and second an 
eccjnomioal aspect of the design that will resist these forces.” As to the 
latter part, I would be much obliged if the Avriter will Idndly let me know 
the name of the authors of such books as have dealt AAuth this aspect of the 
problem. To my mind, this problem has not been thoroughlv dealt with 
anywhere;. Qur, conditions of traffic are so varied. If there is any work 
which deals .Avith this, and he will kindly let me Imow," I should be much 
obliged. Our (problem to-day in India is to have a cheap road, AA'liich Avail 

p 
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be an improvement on the old waterbouiid macadam roads and which will 
avoid dust. l''or work of tliis nature, some advocate bituminous construc- 
tion the cost varying from Its. 12 to Its. 24 per 100 square feet. In the 
sections recommended at the end of paper 2Co. 8, the minimum thickness is 
5 inches. I think a section of this size will cost something like Us. ^ 50 
per 100 square feet. This will not meet the situation. 1 wish the writer 
of this paper had included some experiments on thinner roads in Indio. 
With the permission of the Chairman, I would liko to mention that the 
Public Works Department in the United Provinces tried experiments of 
this nature about the end of 1931. The main objection of the engineer.-, and 
other officers concerned was about the financing of these thick concrete 
roads. They were of the opinion that concrete roads were very good; but 
being very ex25cnsive ireople could not afford to invest money on tljem. In 
1932, various lengths ranging from 100 to 200 feet, were laid on an approach 
to Lucknow Citj'. Tlii.^ was about three miles away from the city. The 
original road w’as of knnker, width 12 feet, and the traffic was about 500 
tons per day. Various lengths were laid, not only of different thicloiess, 
but of different strength of concrete used by vaiwing the 2>roporlion of 
cement. Today, more than 21- years have 2 ias®ed, and the 3-inch slab with 
a mixture of roughly 5" 15 cubic feet to a bag of cement at n cost of 11 s. 
2-13-0 is standing well. It has to be ^cen how long it stands further. So 
far, the surface of that particular portion, though it is cracked, is pcvfecllv 
sound. 

In pnragi’aph 0 of the paper various methods arc suggested for improving 
the subgrndo. We all think that cement concrete roads arc very nice, but 
1 suppose very few of us are aware how' the cement concrete roads break. 
Of course, Mr. Hnri Chand and Mr, Hunter know about this. There is 
a cement concrete road between Moghal Serai and Benares ■which is now 
about 8 to 10 years old. It has cracked just in n few places, longitudinally, 
•not transversely, more or less for about a mile. It is just I’ossible that 
this is due to subsoil water passing undcmcath. At one place, paiticularly, 
where the road passes through n shallow tank, .and where the bank is made 
more or less of black cotton soil and water stands on either side, when 
water is stored for agi'icultural purposes, there is a through crack in two- 
furlong length, — ^longitudinally and varying from about i inch to about i 
inch width. I would be interested to know if Iho writer of this paper could 
suggest a solution. I am no longer concerned ■with this: but. T would like 
to Imow this for my own information. It shows that wo h.ave to he 
cautious. The road is 20 feet wide and the crack is in two-furlong length, 
lb is not very straight. There are one or two other places where the drain- 
age is passing underneath and there are cracks. Tlie cracks did not appear 
for the first or second year, but they made their appearance in the third 
ve.or. showing strained condition just like when von take a froah pieee of 
India rubber and try to bend it. I must mention, in respect of nil these 
cracks, that the surface is perfect strong and smooth. The most striking 
-part of these cracks is that they are all longitudinal, except for two or three 
transverse cracks. 


In paragraph 19. the author has mentioned about fa{io„c T m’ouIcI he 
glad if he would recommend some exhaustive work on the desirm of concrete 
roads, because to my mind the ouestion of fetigue does not come much 
into practical worlnng at all. All the designs here are for America and 
inere the cross-sections, except for the top one which is speciollv meant 
for some special traffic, are for cars and trucks without anv mention of the 
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loads. They have varied thickness just in proportion to the intensity of the 
-traffic. Does it really mean that this variation in thiclcness is for the 
takmg of the fatigue? 

In paragraph 21-A, figures are given for the expansion of cement oon- 
orete. It roughly amounts to one inch in 100 running feet, or for a length 
of 33 feet, it ■will be J inch* M5’ experience is that these widths of 1 inch 
in 100 feet, or 1^ inches in 150 feet, are not worth troubling about, because 
a slab of 100 feet does not shrink but the strain is caused by the reduction 
of the temperature. They shrink ]ust by a paper thielmess or a card board 
paper thickness on the outside. They do not shrink in proportion to tbe 
theoretical shrinkage calculated according to this or accorffing to any other 
formula. So, what actually happens is that concrete remains under strain 
ond by introducing this joint we relieve about 10 feet length in the imme- 
diate neighbourhood of that particular joint. The w’riter has recommended 
ceitain materials foi‘ joint. These joints are likely to give trouble in their 
nelghhourhoods. In the paper on Hj’derabad roads you would have noticed 
that there is definite mention that they do nob introduce any material in 
the joints for the purpose of taking up the expansion and contra jtion. In 
the United Provinces, bitumen joints were introduced more cr less purely 
as an experimental measure or on account of the coaxing of some agents. 
All the roads have been built by butting one slat againev; the other, whether 
they are 33 feet or 40 feet long and the two slabs hav,» tried to expand 
and contract. When an expansion point is put in, it is open lo so many 
complications. In hot weather some of them run out and you have to fill 
in new maten'al or else some of it gets under the concrete and in ihe hot 
weather it bursts the concrete by melting. These joints, which have leen 
made so much of, and for whicli so many specifications have been issued 
for use in India, should be completely forgotten. That is tny view, and 
I suppose the roads which have been standing for 8 years will prove that 
I am con’ect. None of these materials should be put in to take the expan- 
sion and contraction. Of com’se, the slab will relieve itself of the stress 
caused ■uuthin about 8 feet. On that principle, originally, nhen the con- 
struction was started in Benares, we brought down tlie length of each 
hay to 16 feet. But the joints, however nicely made, ai'c not & pleasant 
-thing to introduce. We adopted bays of 30 feet, then 40 feet, and after 
that, we made another stretch of a two-furlong road on an embankment 
near about Camipore with 60 feet bays, and it has ■u’^orked well. It is for 
consideration whether we really should rpay so much attention this point, 
although in practice this has not been done. 

There is mention of londtudinal joints. We here in Delhi have also' put 
in longitudinal joints. What is the advantage of longitudinal joints? I 
would request Mr. Turnbull to tell us about it. Is it worth while breaking 
a ■\vidth of 20 feet into two strips of 10 feet each and then to prevent it 
from moving about by putting in bays? Whv all these complications? I 
-should think that we should not introduce from the beginning anything 
which was likely to be taken by the iron tyres of the traffic. These metal 
pieces which are put in occasionally in tiie construction of the concrete 
joints are not really worth troubling about, and many possiblv create trouble 
themselves. There is a mention in Mr. Zeman's paper, about the joints 
being placed at an angle of 6 degrees to the longitudinal axis and that they 
'have given it up. I think it was Col. Walker who read a paper in England 
about 1926. He advocated intei'locked joints so that the two slabs 'Vi’ill 

• p2 
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•tt'ork in conjunction one another, distributing the loads half from the^ 
top and half from the bottom. These joints were tried and proved very 
complicated. In the diagi’ams appearing after page 228, every section 
is in’oposed with a tongue and groove joint. What is the function of these?’ 
I would request the writer to let me know. 


On page 227, some mention is made about the constructional details of 
these slabs and a summary of finishing operations as applied m most of 
the- other countries. At the end of this paragmph it is said, “Too much 
tampering or any over-finishing which brings much mortar to the surface,, 
seems to be responsible for most of the surface scaling, and should be 
guarded against.” In this connection I just want to give a word of Avarning. 
We should aim at keeping the water ratio at the minimum. If we put in 
more water, it ndll work as a lubricant, drawing up the cement to the top-,. 

So far as cement concrete is concerned, Ave should try to minimise the- 
cost of construction hj- putting 1 inch to 2^ inches lime concrete. If 
anybody Avants information, I can give it. 

Mr. H. Hugh'es : hlr. Chairman and Gentlemen, although the papers Ave 
are discussing are on concrete roads in India, yet I should like to refer to the 
concrete motor roads now being constructed in Germany. Seciions of the- 
German national motor road Avere shown to delegates of the Vllth Inter- 
national Hoad Congress which recently met at Munich. The general design* 
contains points of universal interest, but I fear that most of the things that 
-are being done there are much too costly for anything that can be attempted 
in this country at present. The general design is formation width, 80 feet. 
On this are laid tiA-o roadAA^ays, each 24 feet Avide, for one Avay traffic. The- 
road is intended for motor traffic only, and so there is separation of grade- 
at all crossings AA-ith other roads. Where a concrete design has been adopt- 
ed, the slab is laid in two courses. The bottom course consists of stone of 
about inches and the proportion 3 • 3: 5, thickness 7 inches. The top 
course consists of stone o? about J inch size laid in the proportion of I : 2.' 3 
. and of a thickness of 3". The minimum curvature is 1} miles super- elevated 
for a speed of 100 miles per hour— they are loolring Avell to the future. The 
interesting point in the design is the cross joints. They nr-e provided at- 
varjing intervals of 41, 49 and 57 feet. This arrangement is obA'iouslA' to- 
avoid any uniform rythmic corrugation. 


Mr. R. G. Burt: Mr. Chairman and Gentlemen, it appears that one of 
the draw-backs of the cement concrete road is the time for AA-hich the road' 
must be entirely closed. I would like to ask the authors of these papers and* 
also any other delegate present if they can give us any information about 
the use of road hardening cement and its effect on reducing the time that 
a road has to be closed, and also its effects on the life and behaviour of the- 
road. This draw-baclr of the i-oad having to be closed very often mar rule out 
the use of concrete roads where the diversion of traffic is undesi-able or im 
practicable. I think that we would like to have information on this point of 
the use of road hardening cement Information might be collected on the 
point and further experiments might be beneficial. 

yf/mn Bahadur M Z A. Faruqi: I Avas carrying on construction with 
ordinary cement until 1930 and then it was remarked that this tvpe of 
construction took a very long time and that it meant bloclai-..r the ''traffic 
for a good long time as the preparation of the sub-grade took 
days and then after that four weeks Avere taken for "uring it Th^ wlinl” 
need. -a. We mere eupe™io„ o»e he, to 
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laf,ter. By systematising, we did manage to reduce the time spent in the 
preparation of the sub-grade. \N'e found that by the use of a rapid harden- 
ing cement, the quantity of cement was reduced by about ten per cenil. 
The strength of the concrete was the same as claimed by the manufacturers 
.and there was a saving of about three weeks in the time for eunng. In all 
it meant as' saving of a month and as to the cost of construction there was 
no difference. This, i.c., the construction with rapid hardening ooment 
.needs a little more supervision and one has to be very careful with r.ipid 
hardening oemeiil. Those who do not know India may say that the labour 
in India is wortliless. But Indian labour can be very well trained. But 
oue thiug to be constantly impressed on them is that we cannot go on work- 
ing on ccnicnt for hours. Inside the cities, we cannot afford to block the 
■roads for any length of time and for sucli places 1 would suggesi, tlie use 
«of vapid hardening cement which will save a great deal of bother to the 
Engineer in charge. The quality of the cement concrete road is perfectly 
all right and those ivho hare been on such roads cannot notice any differ- 
-eiice. 

Mr. A. Vipan • In Madras cement concrete has not yet been used exten- 
sively for road construction. It has been used for the deckiug of bridges, 
in certain cases we found that the cement concrete breaks up to some 
•considerable extent. I should be glad to know if this has been the experi- 
ence elsewhere. "We should like to now whether this is due to vibration or 
•some other cause. As regards cement concrete roads in cities, it appears 
to me that this is ruled out entirely in such cities as are coulemplaling 
•drainage and water supply schemes. 

Mr. D. Macfarlanc : Mr. Chaii'man and gentlemen : We heard a short 
time ago with gi’eat interest the description of a road in Germany where 
the super-elevation is designed for 100 miles an hour. You probably all 
remember Sir Jogendra Singh's speech* at his lunch party in Lahore where 
he pointed out that our principal encmv in this country is the Einance 
Department. Sir Jogendra Singh pointed out that all our activities depend- 
ed on the question of finance. On this tour I noticed particularly that many 
-of the delegates raised their eyes of horror at the cost of some of the types 
of roads, and said that they could not simply afford them. Koughly spank- 
ing, a cement road costs something in the region of four times an ordinary 
.road and I think that for most of us the only thing that can ever come 
within the range of practical politics is the widening of the mere heavily 
•tr.afBcked roads with cement tracks at the side and it was for that reason 
■that in your tours in Lahoi'e we took you to the iMultnn road and showed 
yoii there our projicsais for widening that i-oncl. In connection -with that 
particular work I had .a most interesting discussion with Mr. Turnbull and 
with Mr. Mitchell. who is going to finance the work to the extent of 50 per 
•cent and the jinteresting p'art of the discussion related to this question of 
'the .sub-grade over ■which a lot has been •written in these papers . WTien you 
are reconditioning an existing i-oad, it is one matter but when you are 
widening an existing road, it is an entirely different matter and to my 
mind it is an extremely difficult one. In the case of the Multan Hoad, we 
have got a Jiigh embankment. Our problem is to put this cement 

-track on the outside and the question is uhelher we 

-are going to increase the thiclmcss of the outer edge 

■of the concrete or to provide an adequate sub-gi'ade \yhioh wilj.b.e pretty 
liigh. We have not yet decided how exactly wo are going to -solve this 


• Pages 272—273. 
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problem but this is an entirelv different problem to the one of putting a 
cement road on an already existing surface. We have been discussing just 
non" the inconvenience to traffic by the putting domi of a cement road 
and the discussion vent on to the question of using ^ quiclc hardening 
cement. In the case of a traclr such as the one to which I non refer, I 
vorder whether it would not be possible to put up pre-cast slabs. On the 
Chfnab bridge which you also saw on your tour, we did the decking entirely 
with pre-cast slabs which were six feet long and three feet wide and there 
is not very much difference between six feet and seven feet, 

(jMr. Macfarlane then illustrated his points on the blackboard.) 

Mr. D. David : Paper Xo. 8 sets forth clearly and succinctly the latest 
practice in the design and construction of concrete roads. Though there is 
practically notliing to comment on these specifications, yef T wa.s only 
wondering why no mention was made about the application of silicate of 
soda recommended by the Concrete Association and advertised by the firms 
dealing in them, I hope ilr. Turnbull uill give us his opinion on the 
same. 


Also the diagram appearing after page 228 looks to me as though it is 
not quite correct. For example 9" slab for a modulus of rupture of 300 
pounds can carry a wlieel load of about 8,000 pounds according to the 
formula given; whereas from the diagi’am we get a low figure of 3,800 
pounds. I think it I'equires some explanation. 

Gentlemen, I find that there is an important matter to be gone into by 
a body like this Congress, in connection with the design. The International. 
Congress has given a formula which has also been x'eierred to by ]vlr. 
TuvnbuU. where W is the maximum wheel load. On referring to the dia- 
grams at the end of his paper it is seen that the thickness is varied accord- 
ing to the volume ot traffic. One should hai'e expected the thickuoss to- 
have been designed on the above principle and the width varied according 
to the volume of traffic. Again in Delhi a slab of 7: 5: 7 is laid. In 
Hyderabad, 9 : 6 : 9 is laid. On the Xasik road, 6 : 4 ; 6 is laid. None have 
stated for what load they have designed their slabs. If it is for a 10 ton 
roller one wheel-load is aliout 11 .500 lbs. including 80 per cent, impact and 
the slab will be 10|; 7A: 10?. If the slab is 9; 6; 9 it can bear a load of 
about 8,100 lbs. including impact of 30 per cent. This means that lorries 
of 3jt to 4 tons capacity weighing about 7-5 tons laden can be carried bv the 
slab. It is therefore a matter for consideration whether the concrete slab will 
have to be designed for the occasional heaviest load or for tlie average 
traffic units. As the high initial cost for a heavy section maj noi Ije justi- 
fiable will it not be sufficient to allow such heavy occasional loads to be 
taken care of by the factor of safety allowed in the design? If the occa- 
sional heavy load can be disposed of in this wav what is tiie cveran-e traffic 
unit for which we have to cater for? These are matters, geatlnrnen, that 
will have to be decided by you sooner or later. ' 


In Paper Xo. 9, it is stated that cement concrete has been laid to a 
breadth of 19 feet in the middle and the sides were paved with a lean mix- 
ture of lime concrete. One would expect it to be the other wav since the 
slow country cart traffic uses only the sides. 1 should like to he informed 
whether conditions are different in Hyderabad. In para<n-aph 1(3 the ad- 
vantages of cement concrete road over the asphalt roads are given. The 
hrst two reasons seem to be open to some conFroversy. An asuhalt road 
does not always require the foundation indicated. ' 
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If the old crust available is about 9 inches, it is reformerl n 
coal; of new metal and the asphalt laid; the figures given under item^q 
therefore, requires some alteration. Also a concrete road takes nearly 23 
days for curing unless it is rapid hardening cement, wherea<= traffic' can 
be allowed over asphalt pavement after 4 or 5 dnvs at the utmost So I 
could nob understand how the reasons adduced here against asphalt could 
be upheld. It was also stated that a cement concrete road could be con 
structed at less inconvenience to the public and in less time as oomnnvprl 
with the asphalt road; I think it is just the reverse. ^ 


In Paper No. 7, 'in paragraph 4, it is stated that 6 feet width is given 
ioj- .slow traffic and 7 feet 6 inches in the middle for the fast traffiL I 
should like to observe in this connection that tlie generally accepted widths 
requh-ed for such traffic including the clearance required according to their 
speeds are 8 feet and 10 feet respectively. Anything less than this is 
likely to prove dangerous to the trafiic at times. 


The conclusion in para. 17 of the paper No, 9 seems to be open, 
to controversy again. It is not always possible to find funds for 
concrete roads everywhere. A concrete road will be a necessity in short 
lengths of main trunk roads within to^^•n liirits and their outskirts. 
Further short lengths adjoining the towns may have to be paved with two 
concrete sides with an asphalt pavement in tlie i.iidclie. Even if the 
original width is 12 feet, it uill he advisalilc -o segregate the sleel-lyred 
bullock cart traffic as above. For other imports nt sections surface paint- 
ing may be required chiefly to allay the dust. These are tb,e improvements, 
I am able to Visualise, that will be required lor our main ti’uiik roads in 
the near future. Hence I do not quite agree with the conclusion of this 
paper and the conclusion arrived at in para. 2o -f paper No. 5 ib). Nor 
do I agree with the conclusion arrived at lor heavy bullock-cart traffic 
in para. 97 of paper No. 6. 

I thank- the authors of the papers for b'lving kindly placed at our 
disiiosal their valuable experiences in the construction of these concrete 
pavements. 

jl/r. S. S. Bhagai: Mr. President and gentlemen, 1 am not going to 
read all these papers and I hope what 1 have to say ■will not be very 
bon’ng. I must congratulate IMr. Greening for his very interesting paper 
and it is of groat -interest that this melliod u’lis tried in riomuay. I inuso 
say that tliis method, when it eame out, did not appeal to many as they 
thought that it would not be'BuitabIc for heavy traffic or medium trafiic. 
It teemed the results in Bombay showed that it could never be satisfitc- 
tory but that it is just possible that it mn\ do hetlcr in Jocahlies where 
traffic intensity is not so severe. Tliere can of course lie no doubt that 
it cannot be expected to compm-e cqnolly n-ith cement concrete. In these 
reapers some doubts were expressed about the Blipperincss oi rlie cemcnj 
concrete roads. I do not know why these apprehensions should ba\e 
arisen because in the United Provinces cement concrete roads have been 
under traffic for the Inst seven or eight, years and no complaints ot 
slipporiness have been received so far. I must congratulate Mr. Zeinan 
for his excellent paper and his well-reasoned arguments in favour of tlie 
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constnictiou of cemeut-conci'cle roads in Hyderabad. We ju tlic 15. "9. 
have found b\ acliml c-viienence that nulbing iml fcinnit (xjiicu'tc roads 
n'ould stand under lioav\ IvnfVic. Wo did not. take traiTic ecususes in 
those days and I eaniiot ■jrive the fitrurcs but I'entleiueii you will perhajjs 
be interested to leam tliat in Cnwnpoie in Ivtn indep o' aspJialt 

concrete fpromix) were laid and after nlmnt 18 luonth-!' traliie they cave 
way and ocment coucrcte h.-id to be pnt in. ft is slundin" up woll up to 
now. In Allahatiad bollt T. R. A, and juexphelt «rout weri* u>fd in two 
ir.'Ies in 1026 and after nliout nine in.'idhp' traiV;.’ both the'O miles eave 
way and cement concrete had to Imi used to take the traOie and 1 olh these 
are still stnndiii" well, so far as I know. Mr. Zetnan mentions an nltema- 
tive bav method of eonstruetion Hi* eavs that an interval of h\v. rhi\s 
was given. It sovnis that this interval was rathi*r sliorl. unless rapid- 
hardening cement was used, ns it woidd hnrdU give time iVr the eeincnt 
to set and the real reason for using the alternative hay jnfthf.d wouhl 
be lost. Mr Zemnn has not mentioned how they mis (he ngpivgaf'' iji 
Hyderahad. a« we fotuul tltat hand-ini'iing was not so "imd or eeouoniieai 
as the mechanical niixer.s and the other advantage in using the meeh.iuienl 


mixers was that the wafer ratio could be eonfrolled inneh lietter and 
satisfactorily, which jirobahlv is an import anr f.ietor. The rement eon- 
crete experts unll prohnhly advise ns in the matter. Air. Zemnn has 
also mentioned that a central joint Umuld be jnovid-d. We fennd that 
finch a joint w.as not satisfaeloiw Imfh ns regards eonstruetion and when 
tJic road is netnally in ti‘'c. The joint goes 'in wideninj due to wheels 
of carts etc., always getting into it and there is always trouble in filling 
it up and keeping it in good enuditiop and tins ioinf’ uhonM be avoided 
as far ns possible. Pr-ihahlv the cement concrete exjierts 'vi’,1 give tis 
theif opinion. It is also mentioned that cement eoncrctc can he laid verv 
rapidly, hut that is not von* eonvineiiig ns tlm suli-grade and the fietnal 
laying of the concrete and euring tak-s f-mn a month and lialf to nhont a 
inonui nnd niroo-qiiniirv< ln^forr i\h* «jccth>ti under niien*itir.n enn 
opened to trnfilc. Of ,.(,nr.se the time can enii..j,lemid\ rtdnced. as 

lias been menlioii..fI Im oik member, if rapid.li.srleniiK- ei-mf-ni >. Kcd 
I qmte agree with the nntliors about the advantages ment'-.nKl ^5 the 
papers in using cement ennerefe bm we can not have it mr -h and 
every road as the initial cost is ven- high: it can onlv b<? iustir.rd v.-he*-- 
evor a cheaper met bod of conslmction will not .solve the pmh.Vni The 
mixture given hv Mr Zeinan appe.ars to he too rich. J do not know 
how they arrived at the proportions at„ied in the paper. Tn tl;,* rnirrd 

IITmUT -i"'! v-e h.ave foimd Hie roads most 

• nti faefon so far. Perhaps the H\,ler-dnd pcor-1'* will rn-d fhnt their 
roads will last longer than oiu-s. 


A question was .asked about tlie use o' i. i • 

cement. It was actnallv tried on emssiims and 
opened to (rafTic after 'seven davs onlv " wbiell *1 . 'IT 

lot of time can he saved in anx loeelitios wlnae it is i.orV«,!rv to use*' 
It because the cost is not very m-eaf and : -• i \ ^ 

be- reduced eonsidrr.ablv. Rome r."m.a.-k‘ w„, made 'al"uf the ^ ‘'''’1 

conerotc in localities wh-re there .ar^ d ffie » Tc 
^^;ater pipes. J tidnk pome loca’iH-s tl is ife , m , 
pipes etc., were laid o„ both sidc^ ,o the ti e 
the road especially in places Pke lielhi vl/crl T 
do cement eonerete in Phandni Vhow” H H.If T-?''’’ 

.places also thev ran do so ’Mr ^ ^ J' <orroct. then m other 

■'♦he cost of providing cement concTelc 

ncT.ic iTMis, It ,s quite true that cement 
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■oonerete is more expensive, but ii netual figures are gone into, it will be 
found that in the long run it is not so very expensive. There was n long 
rstretch of road in the United Province which was to be re- constructed and 
we worked out the figures and wo actually found that in ten years’ time 
A cement concrete road would probably cost about just the same as stone 
metal and surface painted and that hi fifteen years’ lime it was possible 
■to save about PiS. 25,000 from the maintenance cost alone, as the cost of 
maintaining cement conci’ctc is very small and painted surface requires 
■a considerablo arnounl In their ease it will be about, 3 annas per sq. 
yard annually. Wc also worked out that from sarfngs of maintenance 
the whole length of a road c.ould be re-cement-concreted in 30 years 
and still save some monay. ^ 

Major ir. B. IVhishuw . — ^^nllcing about rapid-hardening cement, it 
may interest you to know tlint all the bridges and culverts and rhe bulk 
of the Irish bridge work which you saw on the .Mohamand road were all 
done with rapid-hardening cement and were opened to traPdo subject to 
the road being up to that iioint witliin forty -eight hours. As far as I 
Jinow they have not given an}* signs of trouble whatever. (Applause). 

Mr. B. F. Taylor: I would like if I may to put a conundrum and I 
must apologise for raising yet another question. I should like to ask 
jVlr. Turnbull if he can explain what has happened in Assam, where, as 
in the case of ^ladrns, about which Mr. Vipan has just spoken, our 
experience of cement concrete has so far been eonnned to bridge read- 
ways. Last cold weather and the cold weather prcrfously we put down 
a largo number and on certain of them, to assist curing and hardening we 
•used silicate of soda. I notice Mr. Turnbiin in his paper advocates water- 
-curing only and we will certainly stick to it in future. I should like to 
tell him what has happened to silicate of soda whore it has boon applied 
10 cement concrete bridge roadways. A curiou.s crvstaliiue deposit has 
appeared on the underside of the concrete, l-fow has it got there.’ It 
•cannot have gone through the concrete. We can only assume that it 
has worked its way between the concrete and the curb plate than along 
the inside of the plates and ha^ appeared through t);o joints. At present 
it is showing an unploasniit-lnoking and a A’cry ominous-looking ciyslnlline 
•deposit, Wlicthcr or not this is causing corrosions we cannot yet say. 
I should bcj very glad if Mr. Turubiill con tell us why it i-s so, and Avhat 
ft is. 

I aiiologize again for asking these troulilosome questions. I should 
like to mention tlie question of cretc-w.iys. T.i Assam a small gi'ant 
was made three years ago from the Ttcscurch J^uiid to try crete ways on 
an ordinary earth road. Wc have done so and thev have been a complete 
■success. Pour and a half inches of concrete wns laid in trenches dug in the 
road. TIi 3 object of our cvete-w'nys is not as in the Punjab to take bullock 
•carts and to leave the rest of the road for fast traffic but to- take all traffic 
when the I'cmainder of the road is n morass. We want, if we can, to get a 
further grant to try this out on roads under different conditions throughout 
the Assam Valley and I hope that the technical sub-committee which it 
is proposed to set up to advise on research will allow us to make further 
expoyimonts with tliese crete-wnys in different forms and’-imder different 
-conditions. (Applause). 
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Biican Bahadur N. A'. Ayyangar . — have had a discussion on 
these roads for the last so many days and our problem as I told you was 
to find a dual pui’pose road. These various types are all very well for 
municipal areas and also just near towns, say within five to ten miles out- 
side the towns and also in special places. Our problem generally is of 
rural roads and the maintenance amount that we get is very little indeed. 
It varies from Bs. 300 per mile to Bs. 500 per mile, whereas the circums- 
tances in the Punjab and the N. W. P P. have been s.ieh that the 
ordinarj' maintenance cost has been very great, say Es. 1,700 a mile 
per year. 

With ordinary tar the cost of maintenance has been reduced 
to Es. 1,000 and that would be required for the periodic repainting of 
the surface with tars or emulsions or bitumen surfacing. But we cannot 
ever hope to get all that money in other provinces and for carrying out 
these works we will have to do it out of loan funds and again the main- 
tenance also wall be very costly. Therefore we are tied down to our old 
macadam roads. Up till now we had only the bullock carts and nobody 
complained for the last 100 j-ears about tbe destruction caused by the 
bullock carts to the roads. As referred to yesterday, motor traffic 
natmally causes corrugations, which is the oharaoteristic way in which 
ordinary macadam gets worn out under mechanic.il transport. The 
corrugations are indeed nothing but a series of snallow pot holes. JQow 
to have a continued use of macadam on onr ordinary rural roads, we have to 
strengthen the surface of the macadam roads. 

The other important point is the sub-grade. If both the surface and 
the sub-grade are reasonably good they would stand motor as well a& 
bullock cart traffic. We are doing the surfacing with tar and bitumen. 
Cement is a local material and we want to use it for our macadam roads- 
as much as possible. Its use as slabs is veiy costly. I suggest that 
cement should be used in places where the maximum strain comes 
under motor traffic. What I suggest is that we make an ordinoiy ' 
macadam road in the usual way, and after we water and roll it 
thoroughly instead of putting blindage, we should use a mixture of say 
one cement and two of sand in and then sweep it into the interstices of 
the macadam and just get a mosaic effect in the final result. There 
should be no surface skin. This cement would be able to lake the 
abrasion just as the tar or bitumen does. This I wish to suggest for 
furfhor research because the macadam that failed in Bombay was due 
to the sandwich method. There imfortunately cement was put below 
the surface and in the body of the metal where there was no strain at 
all. It has to be at the very surface where the maximum strain due 
to the abrasive action of motor vehicles comes. I wish to suggest that 
0 , certain length of road may be tried on these lines and with Mr. 
Mitchell’s help, I hope to be able to make an experiment. Yesterday 
there was a proposal for having a research scliome. It would take time 
to bring ib into existence. I will be prepared to c.'iitv out that exp^^ri- 
ment and T will report the result before tbe next Congress. 

Mr. H. A. Hyde . — Vipan asked a question about the cement 
concrete being used in the construction of bridges and said that the 
cement concrete breaks up to some considerable extent. We have’ 
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numerous submersible liridges in the Central Provinces and foi'inerl ,■ we 
used for their paying nothing but stone, excellent stone hard black 
basel. I have recently abandoned stone in iavour of ecnieut concrete 
because I S®t a much nicer surface and our experience in most jilaces 
is that it is standing up to the traffic very well indeed. 

,1/c. .1. TT^ H. Dean: Mr. Chairman and gentlemen, I have got 
nothing to contribute to this discussion exce])t a few questions. The 
longitudinal joint in a cement concrete road hay been adverselv criticized 
by some. I am not at all clear as to what Mr, Turnbull — think pro- 
bably he is the one authority in India — areally thinks of it. But it seems 
to me to have certain merits from the point of view of construction. For 
instance you can construct half your road at a time and you do not in- 
terrupt the traffic and again due to the thickenin|r of the two separate 
sections at the edges it seems to be scientific from the point ot view of 
carrying two separate lines of traffic. We have been putting dovn 
7:5: 7 in one width across the road and also in two strips with a central 
joint. The latter has the apparent advantage of giving four thicker 
edges to take the wheel load of each line of tToffic. 

The next question I would like to ask is what is the he«t type of 
expansion joint, that is to say, what is the best position for it. The 
most obvious of course is right angles to the direction of the road, but 
this is distinctly unpleasant for traffic. You get your two front and rear 
wheels going off and on to each slab at the same moment and so get 
very much more of a jolt than you would with a diagonal cross joint. 
On the other hand that would tend to introduce very weak triangular 
pieces at the edge. We have tried putting do^ni joints which are 
diagonal across the central strip and then +um at riirht angles to the 
edge for the last couple of feet I am not sure if that is a good thing 
or not. 

The next point is about the hexagonal -surface reinfovconent. I read 
a description of it some few years ago in an American paper and T first 
tried it out in a concrete flooring of a squash coiu’t. Strips of lioop iron, 
one inch 1| inches wide and li- inch thick, bent into a hexagon of 20 
inches diameter were laid just about half an inch below the surface and 
we laid the whole of the comi; unthout any construction joints and in 
three years it has sho\TO no signs of cracks other than the finest hair 
eraelis. I have tried it in a submersible road bridge where we laid a 
cement concrete floor putting it down in strips of 132 feet. The design 
was a continuous beam of four spans of 33 feet and we made our surface 
construction joints coincide with the construction joints of the reinforced 
slabs in the bridge and there also we found that we got no cracks at 
all. I recently used it in a road and within about two months I got 
some very unpleasant looldng cracks in the middle of the length laid 
vdth hexagonal reinforced constj'uction. 1 am not sure whether these 
cracks are due to the sub-soil. I want some comment on thiK point if 
possible. 

The next important point in the use of cement concrete for roads 
is the use of the minimum amount of mix water. T myself am' rather 
doubtful about this as I have found cases where I had rather unsatis- 
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fnclory concrett' anti' on invostiaation I found it was rather honey-combed. 
1 am inclined to the ojiiniou und I want some comment on it bv others-^ 
that a slight increase of mix wtiter, although it undoubtedly reduces 

strength of your concrete if you are getting it mixed to the maximum 
possible extent, actually makes a slightly more workable mix and in our 
ordinary wu»-]c gives more satisfactory results. The loss of strength in 
honey-combing in very dry juixes is" more than sufficient off-set the in- 
creased strength that the concrete etherwise obtains. tVith regard to 
the eemeni., sniul, aggregate ratio. Some people have given 1-2-4, others 
1-21-5 and so on. I would be interested to know if any one else has had 
my experience which is that you never get the densest mix of any sand 
and aggregate if von prouortion them definitely as 1 — 2 — 4 or 1-^21 — 5. 
Tlio densest mix is important. T have locally found here that 1 — ^21^3 J 
is generally a much denser mix than 1 — 2-4 using Delhi stone" and 
Badarpur Sand. 

^Ir. Mncfarlane speaks of pi'e-cast slabs. \ye have tried pre-cast 
slabs on, bridges and the diliiculty is the enormous number of joints 
that are involved in the surface because there is, a limit to the weight 
•of a pro-east slab. Otliorwise pre-curing is undoubtedly much more 
effective than curing iu situ. The test of a pre-oast slab give? almost in- 
variably higher results than Ihe test of concrete cast in siiu. But the limit 
•of weight for a slab is imjiortnnt ns involving such a large number of joints 
that the resulting i-ond surface is really rather uneven. 

I would like some further information ou rapid hardening cement. 
At the time of initial set, do you hn'-e to exercise any very special care 
in using rapid hardening cement from that point of view? 

I would particularly like to ask the Hyderabad Engineer who has 
been putting down cement roads how docs he make a cut and how 
does he fill it in? It seems to me that unless you are going to lay down 
a whole series of tunnels for all your services, cables, water pipes and 
^0 on. it is almost an impossible situation to have cement concrete roads 
in a city. 


Mr. G. Reid SImv: Mr. Chairman and gentlemen, we in Assam, 
had some diliiculty in reducing oxir floor loads on bridges, and we had 
a case a few years ago of a very long suspension bridge on which we 
desired to reduce the floor lond." IJow, the weight of concrete on that 
bridge was nearly ns much as the steel work. If ^Ir. Turnbull would give 
us a specification for a light concrete, we will bo able to make an enormous 
saving on our designs of such bridges. In the ease of that bridge, we 
tried 'a coat of coke breeze concrete, and the engineer wlio was in charge 
of it described it in language which I cannot describe to you to-day. 
If the author of this paper could fpve us any assistance on that matter, 
we ■'vill be most gi-nteful. 


Mr. 7\. G. Mitchell: ilr. Chairman and gentlemen, T think it wa.s 
Khan Bahadur Enniqui who suggested that more attention ought to 
be devoted to thin concrete slabs, and if has been a practicable pro- 
position particularly when used on old established 
T sunnose he- wll agree that with the exception of a few roads, ve have laid 
ltari>7old rods. Wc Lave. 1 think, tann mflMncad to a pnat 
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extent in this matter by Aineiiean practice, in fact, Mr. Turnbull Jias given 
us very typical examples of Amoricau practice of laying concrete roads on 
mother earth, but our conditions are very different, and I think possibly we 
are inclined to be rnllier extravagant, ilr. Hughes told us that new motor 
roads in Germany are costing 10 Inklis a mile. Of course we find it difficult 
to believe. The Gln.sgow-Edinhurgh Koad, I think, cost Es. 00,000 a 
mile which is not very far off from that. I rather feel that if we take 
old macadam roads and then put a heavy concrete surface at the top, 
that .would be extravagant, and I think we should iry thinner sections. 

I would like to ask Air. Turnbull another question.^ He mentioned 
the alternative of laying some fabric below the surface. That has always 
been a diflicnlty tvitli mo. Mr. Bhagnt, again, to-daj- quoted figures 
to prove that in the United Provinces their concrete road is no more 
expensive than the various other alternatives, and said that in 15 years 
it showed a definite advantage, but the difficulty is, what do you do when 
the concrete wears out. If you want to make an estimate of the economic 
value of the concrete road, how do you estimate the renewal, and what 
thickness of concrete do you propose to put on, because, after till, .sooner 
or later, it nniRt- be done? 

There are one or two other small points which 1 would like to mention. 
One oi tlie oujects ol this Cougrebs is to know what is a success and 
whui is a failuru, JDiwiin BnliuUur Ayyangar asked me if 1 jn’Ciiosed to 
help in financing an experiuicni with cement on macadam roads. It 
seems to nic Ihut the general e.vpcrieiiec is that “cement sandwich" 
method has not lieeu u success. 1 know of one or two roads in the 
neighbonrlirjod of Xugiiur which were laid on by the Alunicipality which 
are a success, hut on the whole ns far as 1 know, cement macadam 
roads have not been a success. 

Diwau Bahadur A’. Ah Ai/i/atii/ar: What 1 suggest is altogether different ♦ 
from the sandwiched method. That is the reason why I suggest an 
experiment. Anyway, if Air. Turnbull could tell us what percentage 
hf coiiicnt iiiacadani roads lias lieeii successlul, we shall be glad. 

I believe .some time ago the trackways were laid in Jubbulpore, but 
tliej’ were not a success. 1 think we. ought to record whether the track- 
wavb inul cement imicadain v.vrv. a’j all successful 1 iouud unsuceessful 
we" can eliininate these two methods and u good deal of further unnecessary 
experimenting will he avoided. 

Chair )ii ( 111 ; Uentlenien, boiove asidug the authors oi these very valuable 
papers to reply to the criticisms and questions asked, I should like to 
say just one or tw'o words. 1 should hate to sit down without seising 
tliis opportunity of inviting your altention to the tact of our “fairy 
God-motlicr'’, to u.so the ITon’ble Sir Jogendra Singh’s own words, in 
aiipointing to the Chair to-day to consider these Pajiers a representative 
from a province whicli. through its stress of financial circumstances, has 
been unable to embark upon the conslnietion of any concrete roads. 

It follows that I should be or ought to be brief in my roinavks and not 
detain you for long, and also that I should have an unbiased mind in 
this matter. In Burma onr official acquaintance with concrete roads 
has not got bo.vond the stage associated with a “watering at the mouth" 
whenever the subject is mentioned. In so far as the road .surface of 
bridges is concerned. — and here regrettahl.v I must associate, myself 
with the remarks of Air. Yipan and to some extent'', with’ those' of 
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■Mr. Taylor also : we have sometimes used cement concrete for filling the 
troughs and providing the travelling surfaces but in many case,5 we have 
had unsatisfactory experience. The surface has gone to pieces under the 
destructive effect of steel tyred carts. In fact, in order that we could 
have some idea as to when it was necessary to renew the surface of 
the concrete road, we placed a fairly small mesh wire netting about 1-^ 
inches from the surface so that this might be e:q3osed when u-e were 
coming to the danger line in the slab. This is somewhat siniilar, 1 think, 
to ilr. Turnbull’s suggestion of putting down canvas. Personally, I 
attribute the failme of the bridge floors to bad u'orknuinshij) or bad 
materials. Very likely it is often due to improper curing. There are two 
or three rather serious objections to the extensive use of cement in Burma. 
The first lies in the fact that cement has a very high market value owing 
to the passion which the indigenous population have of using it in the 
construction of pagodas. It therefore follows that whenever you use 
cement it is essential to maintain an adequate staff to supervise the 
work in order to see that the cement shall go into the work and not into 
the market. 

Another point is our difficulty with sand. I think this is a matter 
which is sometimes not appreciated by the men actually in cliarge of 
constnictiou work. Recently one of our officers took many samples of 
Burmese sand to England in order that they might bo tested under ideal 
conditions. If my memory does not fail me, I think the results of many 
of these tests made with the Burmese sand showed that the samples were 
frequently as much as 30 per cent, weaker than samples made with 
standard sand. It therefore follows that it is essential to take the utmost 
core m selecting the sand when you are considering the construction of large 
or even small conwete works. 

Now, I would ask the authors of these papers kindly to come forward 
and answer the questions which have been raised. 

Mr. L E. Giccning (Auihor oj Paper Wo. 7): Mr. Chainnan and 
gentlemen, Mr. Daniel raised the point as regards the width of the 
central portion between the creteways as being 7 feet 0 inches and 
considered that it seemed to be rather too narrow. .Actually in the original 
plan the central width was to be 6 feet. Fortunately before the works 
were put in hand it was discovered that road roller coulff not work on a 
width of 6 feet and so it was increased to 7 feet 6 inches which is the 
minimum width required. That is all I have to say, Sh. (Applause.) 

Mr. Chairman ; Will Mr. Turnbull kindly come and answer the ques- 
tions that have been put this morning? 

ilfr. TF. J. Turnbull {Author of Paper Ko. 8): Mr. Chairman and 
gentlemen, it will take me a considerable time to answer all the questions 
:n detail, and I suggest that with your permission this might be earned 
on by correspondence. During the time available I propose passing a 
few remarlis on the following points. The question of the high cost of 
concrete road has been raised and in this connection I may say that in 
Bombay we have carried out some experiments on thin concrete road 
slabs. I would like to describe to you briefly tlie methods emplo.ved. 

One of the advantages of concrete roadg h’es in the fact that if 
pi-operly designed it does not require a base, and can be laid directly on 
almost any subgrade so long as it hog a uniform bearing. 
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]Most of flic eOHcrote roails in Indin t.ro laid on old well consolidatea 
wntev'hound roads and ii Jins long been felt that it might, be possible to 
\itilise this cxisiing ■wtiiorbonnd nyjcadnm so ns to mnhe use of n thinner 
concrete slnb than is custoiTiary; in other words, to malte a thin concrete 
■crust act in conjimetion with the old base. In order to investigate this 
problem experinionls were carried out in Bombay about n .year ago on 
XI short length of road carrying a traffic weight of about lOO tons 2"-r 
yard width. 

The existing road had about- 0 inches of soling with approximately 
li to 2 inches of metal and the following procedure was adopted in the 
construction : — 

PrcpantHou of ihc Base. — The surface of tlic old water hound macadam 
was wire brushed and ihoi'oughly swe})t fi’ce of all blinding and looso 
particles to as to leave the metal protruding. 

As far as possible this brushing anj cleaning was done with the burfaec 
in a dry condition. ' Any deep jv^t holes or ruts v/ere filled in with 
mel.al to ccoiionn'sc in concrotc. The .sides of the road were iriniined to 
give a deptli of 3 inches of concrete, reducing to 2 inches nhuiit iwu iVct 
from the edge. This is done to strengthen the sides 

TJie forms consisted of one lino of brick on llat laid with a l.S 
ceiiicnt nualnf. ’J'lic construction of the brick forms was earned on wc'l 
in advance of the concreting oijoralion and great, care was taken to set- 
that they were laid to (lie conecl line nud grade, on each side of the road. 

The next ojieratiou was that a 2 inches wire netting No. 10 gauge was 
placed on tlio clean maendam and fixed in po.sition with nails at about 
3 feet centres, so as to be approximately in the centre of the 2 inches 
concrete surfacing. The wire netting was lapped about 4 inches at every 
junction and iSOcurod with wire lio.s. A neat comeiit grout of the con- 
si.stcncy of Ihiclr cream was then brushed evenly over the surface of the 
protruding mncad.ani in order to hound tlie concrete witii the existing 
metal. This application of cement grout is exceedingly important as it 
ensures the bonding of the crust to the existing metal. This cement 
grout should never he more than two ffct in advance of tlie concrete, 
otherwise it will dry out and he ineffective. 

ilennwhile the concrete wa^ mixed ready for use in the following 
proportions ; — 

1 part of cement, 

3 parts graded .sand, 

4 parts broken traps evaded from ‘} iucb to ^ inch, 

gallons of water per bag of cement. 

■Several trial batches had to be made in order to adjust the ratio 
of the fine to the coarse nggi-egnte in order to produce a roadilj' workable 
mix. The concrete was then deposited to an approximate Ihickiioss of 
2 inches and at no point -was the thickriess less than 1{, inches. The 
concrete was then brought to the roquh-ed contour by moans of a wooden 
,-tnmpor fitted with handles. This was shaped to the cross section of the 
road and strong enough to retain its shape under working conditions, 
during •WD.s subsequently carried out in the usual M’ny. 
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Tlint IS hriofly tlio nK-tlioil (•inijli>.Y«vl mnl Uw k-ngtli lm<«. 

now bi'on in sofvico oxiictly ];i niontiis. Actnnlly we ciiu’it'il out four 
tlilToronl oxiioriintMits, oiif wi<Ii Xo. 0 }i. 71. otn' willi II iin'h wire 
out' witli 2 5n<*h(*:‘. wjii-* jui'-.h. nntl the fonvlli with In'i-.inn or 
c.iiiv.’is. 'riio soction willi Xo. 0 1’. 7?. C, lin.. {•riu-bi'd vci^ h:>fl!y; iliC 
5 iiu’Iu's mt'sli luiK i*iix lrnr.svt‘r.'!i' crnrltK ii* Id’* f''*’! : tli“ 2 incln 
has (wo orjH'ls'! iil nljont Il.T ititorvnl*; wfnli- tli'it witii 

lic^sinti is a fniliire. The o<>st of lln* type »/f ro:n1 I linve jn-'f- 
j.: opptvixiniiiU'lv 7!s. IH per KiO sijn>ii< feel lit lloinb.'V. . \Vli'‘r>- n w.-ll 
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is 12 feet in which case no central loncitndinnl expansion joint would seem to be 
necessary, also in many oases the writer has noticed concrete roads of say 15 feet 
width with a central longitudinal expansion joint. This would seem to be unnecessary 
and Mr, Turnbull’s comments would be welcome. 

The Author's reply. — ^The questions raised by Mr. Gunnell are extremely mteresfr- 
ing as they bring into promiiiciico details which have of necessity been omitted in 
the paper. 

1 Gauge, of aggregate' hesi suited for different thickness of concrete pavements . — 
It is generally agreed that the more coarse aggregate that can be incorporated into the 
concrete mixture the greater its strength and resistance to abrasion. Tlie actual 
quantity is however limited by the workability required for finishing operations. 

.The following may be taken as sound practice for the maximum size of coarse 
aggregate in plain concrete slabs ; 

Single Course. — One-third the thickness of the concrete. 

^ Tivo Course. — Top layer, half the thickness. Bottom layer, one-third the 
thickness. 

It is the author's opinion that the greater the maximum size of coarse aggregate 
that can be used the better. It is regretted that at the monicnt no figure.s are available 
showing the density and strength of concrete iiindc with dificrent gi-adings of the same 
aggregates and cement of Indian manufacture. . 

2. Indian rapid hardening ccnients arc in effect ordinary' Portland Cements with a 
greater fineness of grinding. They acquire the same strength in three to four days 
as ordinary Portlan'd Cements in 28 days. 

The term “rapid hardening” must not be confused with “quick setting”, as Indian 
rapid hardening ocments are all slow setting. 

A concrete road slab constmctid with rapid hardening cement could bo put into 
service after 3 days. 

There arc no special preciiutions to bo ob.sorved in the use of rapid hardening 
cement otlier than the following — 

(a) iStorc rapid hardening cement in a dry x>lacc and use ns soon as possible. 
Owing to tlic cxticmcly fine grinifiiig it i; subject to the action of any 
humidity in the atmosphere. 

(*) u sn it in exactly the same way as ordinary Portland Cement. 

A point tliat is not alway.s realized is that due to its fineness, it is rather 
lighter tlmti ordinary ceniciit an'i instead of the customary GC pounds 
being nshuincd .is tlio weight per cubic feet, rapid hardening cement may 
be taken ns 80 pounds per cubic feet. That is to say, when measuring the 
quantities of materials, the orditwry 1 cwt. bag of standard eomeni which 
IS assumed to contain 1"2 cubic feet, may be taken ns 1-d cubic feet, 
where rapid hardening cement is used 

(c) Use ns little water for mixing as is consistent with workability. 

(rf) Mix very thoroughly. 

(c) Cure Ihorotigbly for three days. 

The author’s opinion i.<i that generally rapid hardening cement is not necessary for 
the construction of concrete road slalw. However for the last sections of the slab, it 
may ho advantageous to usq it, espucinll.y for p road that has to be put into service 
as quickly as possible. It is particularly useful in the repairs of trenches opened in 
concrete roads in busy throughfarcs. 

3. Longitudinal Floats. — These are common practice in Hyderabad Stale but else- 
where in India there appears to ho a disincliimtioii to use them, and where they have 
been tried, the aveiago cool.y finds them exceedingly awkward owing to tlieir length. 

4. Side Forms, — Tlie author is in full agreement avitli kir. Gunnell ns to the 
importance of having carefully placed rigid side foniis. In 'da opinion a satisfactory 
road can only bo built witli carefully laid »rruclural steel forms. Wooden 
forms warp after a curtain amount of usage,' and this is reflected in the finished sticfaee 
of .the road- 
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5. Ttao Course Pavements. — Tho Calcutta Improvement Trust hns_ probably carried 
out the largest programme of two course construction. Their practice as in Central 
Avenue, is as follows : — 

Top Course. — ^Thickness 2 inches. Coarse aggregate J inch to i inch. Propor- 
tions 1; 1: 2. 

Bottom Course. — ^Thickness 5 inches. Coarse aggregate li inches to i inch. 
Proportions 1: 2; 4. 

6. Sodium Silicate. — N'o data is available in India regarding the comparative rate 
of wear of concrete road slabs treated or untreated with sodium silicate. _ If _ good 
coarse aggregate is used, it is a moot point as to whether any surface application is 
necessary. The atone takes the wear. 

Whilst hardening of the surface docs occur, there is no proof that there is any 
beneficial result on the concrete as a whole and the practice is decreasing. 

7. Transverse Expansion Joints. — Mr. Gunnell mentions 100 feet intervals. This 
would necessitate an expansion joint J inch wide together with two intermediate 
contraction or dummy joints. .Toints of this width i.c. J inch are not advisable. It is 
better practice to have them at 35 feet intervals and make the width £ inch. 

Longitudinal Expansion Joints. — Except in very wide city streets longitudinal 
expansion joints are never used, and in the case of such streets the expansion joints 
are placed between the curb and the slab where they are out of the way of the traffic. 
The type of longitudinal joint between adjacent slabs is known as a construction joint 
and is usually of the plain butt type — sometimes with dowels or some other method 
of transferring the load. A construction joint is necessary up to a width of about 
16 feet. 

Mr. A. W. H. Sean, — ^Do you recommend the. use of the bag of cement taken at 
1.20 cubic feet in proportioning concrete mixtures or the cubic feet measured in a box ? 

The Author’s Beply. — The bag of cement assumed to contain 1*2 cubic feet 
should always be taken ns the unit of measurement. A cubic feet of cement can be 
so measured in a box that the weight may be as low as 60 pounds. 

B. Repues to question haised in the discussion at the Conohess. 

(The author in reply to tho discussion _ wishes to express his appreciation of the 
contributions thereto, ns they indicate the keen interest which is now 
being taken in tho problem of evolving an economical type of road). 

I. In reply to Mr. Hyde’s question as to hexagonal hoop reinforcement the author 
has had no practical experience of this and would not like to express an opinion until 
it has been investigated. Messrs. J. C. Gammon Ltd., have laid reveral bridge road- 
ways recently and possibly a report could be forthcoming in time for next years 
Congi-ess. 

II. Mr. hlodak's questions arc replied to as follows ; — 

Concrete road slabs arc designed for average traffic. It is the consensus of opinion 
that the fatigue behaviour under repetitions of flexural stress is the controlling factor. 
The lastcst researches are in practical agreement on the following whirl) <\rc quoted from 
an American Authority. 

“1. MHicn the stress docs not exceed SO per cent, of the ultimate strength or 
when safety factor is not less than 2 the concrete will sl.‘nd a practically 
unlimited number of stress repetitions without failure. 

2. When the stress is lower than 50 per cent, of the ultimate strength or when 

the safety factor is greater than 2, the repetition of stress is actually 
beneficial and strengthens tho concrete. 

3. When tho stress exceeds materially 50 to 55 per cent, of tho iiltimatc strength 

of the safety factor is less than 2. continued repetition oi stress will cause 
failure or breaking of the concrete. 

4. When the s,nfety factor ranges between 1 and. 2 the number of repetitions 

required to cause f.ailure varies with the number, decrc.ising ns the safety 
factor decreases. 

5. When there is a period of recovery between stress applications the fatigue 

action is minimized. 

6. There is a difference in the fatigue behaviour of concrete under repetitions 

of compressive and ilcxnml stress, the action under flexural stress being 
the less severe for the siime percentage of tho ultimate £tri.ngtb. 



, In a pavement subjected to flexural stress, the resulting compressive and tensile 
' *3tTcss in the outer fibres of the slab arc equal. The tensile strength of concrete is 
'Only a small fraction of its strength in compression. Consequently ’vhen the flexural 
stress roaches relatively high percentages of the ultimate modulus of rupture the 
resulting tensile ^'stress is a high percentage of the , ultimate tensile strength, while 
•the compressive stress is a relatively small percentage of the nltininte compiessive 
strength. 

Therefore,‘'whcn flexural stresses amounting to more than 50 per cent, of the ultimate 
modulus of rupture are repeated, the concrete becomes fatigued in tension, hue the 
•compressive stress remains below the fatigue limit in compre.ssion. 

All pavement slabs should bo designed to carry the predominating uheel loads rvith 
-a safety factor of at least 2. By selecting a design fulfilling this rcquircmenl, an 
unlimited volume of such traffic may bo carried without fatigue of the concrete. Tho 
stresses and resulting safety factor for the assumed design should then be determined 
•for the infrequent heavier loads. 

The wheel load characteristics of traffic which a specific highway will be called upon 
•to carry after improvement may bo easily dcterminctl. A study of the area in which the 
■highway is located, tho number of each size of truck registered in tho area, the 
population density and the relation of the ptopo.sed improvement to other highways 
will aid the highway engineer to make consor\-ativc and rational traffic prcdTctions. 
These prodictioris may be cheeked by using well cstnldished traffic study methods 
involving inexpensive short traffic counts on improved roads of simihir characteristics.” 

Bnbbcr is not advocated for expansion joint material in India as in all probability 
it would perish. 

The enrintr period can ho reduced to three to four days by using rapid hardening 
-oement, therefore the very simple procedure of using this tj-po of cement for tho 
last ten days work would remove the inconvenience which Mr. Modak t'as experienced. 

'• The author regrets he is unable to agree with Mr, Alod.ik’s statement that “concrete 
roads are not suifahlc for every or all kinds of traffic.” e.spccially m when he mcniions 
heavy steel tyred traffic. Present day practice in India indicates that cement concrete 
is the final rMort of all engineers of any experience who nro faced with tho problem 
of providing an economical road surface whicli will withstand the de.striictive cfect of 
Iho bullock cart, Tliis is very oyident from t|ie fact that in many provinces, cement 
concrete haunches are being provided for he.avily trnflicked mads to meet these condi- 
■tions. 

nis remark niient economy is somewhat difficult fo apjircciate. as tho prevailing 
practice in the arterial roads iii Bombay Municipality is to lay .sheet Ciidialt on 4 inclies 
to 6 inches of cement concrete. Tho actual cost of this f’ypc is iiboiit 40 per cent, 
greater than a comcnf concrete ro.ad and tho average maintenance rharge.s on a.sphalt 
in Bombay are about twelve annas per square yard per annum, whereas on Argyle Road 
■which is now four years old, it is doiibtful if the maintenance lia.s been one liniM per 
square yard per annum. 

Mr. Mod-ik’s statement th.at Ihe addition of a wearing car[»ei of asphait to a 
•concrete slab increases tlie strength of the slab w .somewhat surprising. Asniult has 
practically no flexural strength. 

III. T/ic foUnvnn^ are tht fn Khon fhifinrIiiT Fnniijiii'g ijvcKtifiVfi ; — 

The Khan B<nhadur has evidently misread my remarks ns I stated "an economical 
•design of a concrete slab tliat will resist these forces.” His interpolalijn of 'he word 
“aspect” somewhat alters the mc.iTiing. 

It is a simple matter however to consider the economical aspect of sarious tries of 
■roads. 

The basis of economical comparison can be taken as the average annual co.'.t per f-nniim 
•to tho taxpayer, and a simple logical formula is ns follow : — , 

Wliere ; — 

C=l4:i+M— S 

N 

C=Tlio average annual cost per sq. yard per annum. 

I = Thc initial cost per sq. yard. 

i=Tho total interest paid on I say 15 per cent, during the life considered. 

M:=The total maintenance and repairs to date. 

S=Tlie salvage value at the ago considered. 

"NsTlie age of the road in years. 
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A more accurate discussion of tho economics of proposed road expenditures wasi 
published in the Indian Concrete Journal of Decembe>* 1935. v 

As regards aetual design of the slab this is diseussed very fully in "The Design ancl> 
Consti'uction of Concrete Bonds’’ by B. A. B. Smith. 

In my reply to Mr. Modak I have explained the part that fatigue takes in the - 
design of concrete road slabs. 

As regards shrinkage and expansion of the concrete slab the slatciucnts in my paper 
have been definitely proved by many experiments carried out by reliable authorities. 

A 4 inches slab is the minimum thickness that has been tried out in other countries^ 
and in India the Khan Bahadur has probably had more experience than others in the- 
2 inches and 3 inches slabs constructed by him in the United Provinces. 

Tho longitudinal cracking in the short length on the Moghal Scrai-Bcnares Hoad is - 
somewhat hard to account for, but may possibly be duo to warping or non uniform 
foundation conditions as explained in niy paper under ‘‘subgradc.’’ 

The advantages of having a longitudinal joint arc : 

(n) Ease of construction especially with hand finishing methods, as the 20 feet 
tamper for tho full width* is rather awkward for the average rnoly to > 
handle. 

(6) It enables the road to be constructed in half widths — thus rliowing the traffic 
to use the road. 

(c) Owing to warping any road slab over 15' in width is subject to longi. adinal ’ 
cracking. 

The que.Hion of longitudinal joints will be discussed in the author’s rc]>ly to - 
3Ir. Doiin. 

Khan Bahadur Faniqni in commenting on joints is confusing two entirely different 
methods of laying concrete roads. In the United Provinces and Hyderabad* the roads- 
were laid in alternate bays, where c.vpansioii joints arc not necessary. 

His statement that water ccnicnt ratio should be kept at a miiiiniiim is exceedingly 
sound, the basic idea of this however Js that excess water weakens the .strength of 
the concrete and is conducive to segregation, the heavier coarse aggregates sinking lo tho • 
bottom of the slab. 

IV. Mr. Hurt's quc.stions I’Cgavdiitg the use of rapid hardening cement and silicate of 
soda have been di.ecussed in tho author’s replies to other delegates. 

V. Mr, Mncfarlant's quesUon. — Precast slabs have frequently been tried, but' 
owing to the iiunioroiis joints they have never been n success. Tlic author docs not 
recominciid their use, except in very exceptional cases. 

VI. Mr. Daniel’s interest in this paper is exceedingly gratifying to the author, as 
Mr. Daniel’s experience in tho Chiiigleput experimental road near Msulras enables him ■ 
to speak svith probably much more authority than anyone else in India. 

Tho question of design has already been discussed in my reply to Ifr. Modal:. 

Begavdiiig tho diagram mentioned by Mr. Daniel, it would apncr.r that nc has - 
substituted the actual modulus of nijitiire in the formula whereas S = tho .sllowable work- 
ing stress and equals half tho modiiln.s of rupture. 

VII. V'itli rogaid to .1/r. Tni/for's experience with the appc.nrance of sodium silicate 
c/irystals on tho underside of the bridge roadw.iy- -the author regrets 'ue is unable to • 
exp'rc.ss an opinion without having investigated the phenomena persoml'y. In nil proba- 
bility ilr. Taylor's assumptions ns to the cause arc correct. 

In reply to his question on the use of .sodium silic.nte ns a curing ejent the following - 
extract from the .Touvnal of the American Concioto Institute is of intevost witli refer- 
ence to tile results of a seiies of experiments on diffpioiit mcthod.s of Curing Conernto. 

"From these results it would appear that the coating of Sodium Silicate wr.s of 
little or no iulno as a means of curing eonciete 

The lowest strengllus at 3 months and one year were obtained with concreto - 
containing the 2 per cent, c.-ilcium chloride admixture cured in air the- 
' sodium silicate and air cured cylinders which were from 45 to 55 per cent, of' 

-that for water curing and about 60 per cent of that foi 13 days moist 
curing at these two ages." 
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Viri. In rcjHy to Mr. Dtan's que»tiont . — ^Experience indicates that the types of 
^longitudinal joints shown at the end of the author’s paper [after page 2281 are quite 
'.effective. 

The dowelled joint with premoulded expansion joint material is possibly the best 
-■type in use at present. It is exceedingly important to prevent the access of water 
'through the joints to the subgrade as it tends to reduce the support to the slab and 
'there is no evidence that any joint filler so far used has been effective under all condi- 
■tions. 

Most premoulded joint fillers at present in use have a bitumen matrix with or without 
-admixtures such as wood fibre etc., and are used in sheets. 

One of the latest experiments consists of a strip of annealed copper about 6 inches 
wide laid horizontally through the joint and provided with a small central corrugation 
-to take up horizontal slab movement. This type prevents the ingress of water to the 
isubgrade, but its life is unknown. 

The question of the amount of mixing water required depends on several faotois but 
it generally between 5 to 6 gallons per bag of cement which should include all free 
-water carried by the aggregates. 

The water cement ratio law is one of the most important discoveiies of modem 

• concrete research, and may almost be termed a basic law. It has been proved tlut for 
-.any particular aggregates and methods of mixing, placing and curing, the strength of the 
resultant concrete depends solely on the water-cement ratio law, whereas economy 
depends upon the amount of aggregate which can he added whilst maintaining the 
-consistency that renders the concrete workable. 

It is desirable to use a slightly oversauded mi.x in order to fcdhtt-ite finishing 
•■operations cspeciollj’ ■ ivith hand finishing methods. 

The initial set of rapid hardening cement is the same as for ordinary jjortland cement. 

IX. The reply to Mr, G. licid Shaw’s request for information on the subject of 

• concrete, is as follows : — 

'Light-weight concrete is made either by a chemical process or mechanically. The 
chemical method is based upon a reaction between an a'kaline metal and 
water when mixed with cement and other ingredieiits. The uuter is 
decomposed into its elements, the oxygen makes an alliance mth the metal, 
and the free hydrogen creates little bubbles in the mivr.ire. which swells 
up to several times its original volume and then giadunllv hardens in the 
same w.ay as ordinary concrete. It is possible in this manner to pioduce a 
concrete so light that a cubic foot thereof weights only 20 pounds At 
about 42 pounds per cubic feet, tho ultimate compressive strength averages 
400 to 500 pounds per square incli. 

‘ Tho texture of the material resembles cork. It has small and evenly distributed 
cavities, _ which make up 70 per cent, of its volume. Each one of these 
cavities is a closed compartment surrounded by thin walls, and this is the 
reason the material has such good iu'ulating qualities. The material can 
be made in blocks or it can be cast in si tv. 

• Another advantage of expanded concrete is that it can easily bi worked with 
common wood-working tools. It can be sawn and grooves i‘<in be made in it 
for electric and other conduits. , 

Lightweight concretes are also made with breeze, clinker, or pumice as aggregates, 
To obtain a lightvyeight pumice concrete for use as filling, s,md must rot be 
added. The densities of 4 to 1 pumice conciete with and without sand have 
been found to he about 98 and 85 pounds per cubic feet lespeotively. 

X. Mr. K. G. Mitrhell raised a very interesting point regarding what would happen 
•if the concrete slab wore out. 

The customary procedure is to resurface with about 3 to 4 inches of new concrete, 
sometimes lightly reinforced vvith stool fabric. The use of cotton fabric to foim a 
-deavage plane as mentioned in ray introduction would probably facilitate any repairs. 

As regards the failures and successes of cement macadam, the pno quoted in Mr. 
weening s^per has failed but 'this type of construction has been quite successful at 
Wagpur, Vellore, and elsewhere. It does how'ever require verv careful supei vision and 
■.ihe author prefers the all-concrete slab. 
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Mr. H. M. Surati (on belidlj of the Author of Paper No, 9): Mr~ 
Chairman and gentlemen, there was some criticism about longitudinali 
joints and Mr. Dean has to some extent replied to that. We adopted 'longi- 
tudinal joints because we could not close the whole road and liad to leave 
half open for traffic. And as a result of having a longitudinal joint we* 
avoided heavy tamping on longer widths with a camber of 2 inches. 
It is very difficult to keep the shape of the camber and to maintain an* 
even surface over the whole width of the construction, but with this 
centre joint we had only about i inch curvature and' th'e surface was: 
uniformly finished. 

Mr. Daniel wanted to know about the rapidity of our construction at 
Hyderabad. We actually found that the asphalt road took longer to 
construct than the cement concrete road. [Vide page 234, para. 16 (1) of.' 
Paper No. 9.] In regard to lime-concrete, it was only, an experiment and 
the idea was to reduce the cost, and when we find it is wearing we shall 
just give it an asphalt coating. Of course we found it wearing, but not 
so badly as the asphalt surface, the lime concrete serving as foundations.. 
Somebody asked about the mixing. The mixing was- done by machine. 
We found hand mixing was not so uniform in quality, at times being very 
dry or not properly mixed. Mr. Dean wanted to know about cuts. We- 
are cutting our cement roads; for all sei*\*ices we cut our roads with' 
chisel and hammer and again repair it in the usual way. In the case of 
an a-sphalt road we found that it was difficult to keep the cut to the* 
same shape, but cement concrete cutting remains to the same shape. 
That is all I have to say. 

Chairman: Now, gentlemen, I would ask you all kindly to accord a. 
most hearty vote of thanks to the authors of these three most interesting: 
and instructive papers, and also to all gentlemen who have taken part 
in the interesting discussion. After which I shall ask Mr. Hyde kindly 
to take this Chair. 


A vote of tliauks was passed with acclamation. 

Mr. H. A. Hyde M.C., Chief Engineer, P. IP. D., Central Provinces,. 
then took the Chair. 

Chairman: Gentlemen,, before we break off this morning I want to> 
take the opportunity of proposing a very ’hearty vote of thanks to Mr. 
K. G. Mitchell for the very great trouble he has taken and the great 
amount of work that he must have undertaken in getting up and running, 
this Congi*ess. (Applause.) I did not take part in the tour myself but. 
I understand from those I have spoken to about, it tliat it went like 
olocku'ork from start to finish, (Applause) and that every possible- 
arrangement was made, not only to show you interesting work but for 
the convenience and personal comfort of all taking part in the tour. 
There is no difficulty whatever in realizing the* very great amount of 
.work necessary to run a congress like this, and I' want to just repeat*, 
that we all appreciate it very much indeed and to ask you for a hearty 
wote of thanks to Mr. Mitchell. (Applause.) 

A vote of thanks to Mr. K. G. Mitchell was carried' with acclamationi. 
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Mt. K, G. Mitchell : Mr,^ Ohairman and gentlemen, I tTiflnlr you very 
much. It bas been a ceriam amount of trouble but it baa also been a 
very great pleasure, and if it results in some permanent organization for 
the future, then what little trouble there has been will have been well 
worth while. I may say I do not think Mr. Hyde is quite fair. This is 
the second time he has sprung this on me in two days. (Laughter.) 

Ohairman : We meet again at half past two. 

The Conference adjourned tUl 2-30 p.m. 


The Congress re-assembled after Lunch at 2-30 p.m. with the Honour- 
able Mr. D. G-. klitohell, Secretary to the Government of India in the 
Department of Industries and Labour, in the Chau". 

The following Eeport of the committee appointed on the first day was 
taken into consideration; — 
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Itepoit of the Provisional Committee of the Indian Hoads Congress. ' 

The first meeting of the Indian Roads Congress appointed the 
following committee to report upon the necessity for an organisation 
of a permanent Indian Roads Congress. 

Provinces. 


Mr. 

A. Vipan. 

Madras. 

Mr. 

L. E. Greening. 

Bombay. 

IMr. 

D. J. Blomfield. 

Bengal. 

Mr. 

C. F. Hunter. 

United Provinces. 

Mr. 

S. G. Stubbs, O.B.E. 

Punjab. 

Mr. 

0. H. Teuion. 

Burma. 

Mr. 

N. G. Dunbar. 

Bihar and Orissa 

Mr. 

H. A. Hyde, M.C. 

Central Provinces. 

Mr. 

B. F. Taylor, V.D. 

Assam. 

Mr. 

G. A. M. Bromi, O.B.E. 

North-West Frontier Province. 

Mr. 

A. Brebner, C.I.E. 

Central Public Works Department. 


Indian Staies^^. 

Rai Bahadur A. P. Varma. Patiala. 

Diwan Bahadui- X. N. Ayyangar. Mysore. 

Mr. P. L. Bowers, C.I.E., M.C. Jaipur. 

Business. 

Mr. H. E. Ormerod. 

Col. G. E. Sopwith. 

Mr. G. G. C. Adami.t 

Military Engineering Services. 

Major W. B. Whishaw, M.C., E.E., Engineer in Chief’s Branch. 

2. The Committee met at 6 f.u. on Monday, the 10th December, 
ISx. Hyde being in the. Chair, and now reports as follows. 

_ *Two additional reprosontatives of Indian States, viz., Rai Bahadur S. N". Bhadurf 
(Gwalior) and Mr. 31. A. Zomon (Hyderabad) wore sabsequontly eleotcd vide page 
208.' •, ' 

j-3lT. C. D. 37. 3Ieares has since been appointed in his place. 
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highly 


desirable to 
Eoads 


Necessity for some permanent body.—lt i 
constitute a permanent body which may be calkd^the Tn'San 
Congress. The object-s of such a body should be: — 

To provide for a regular pooling of experience a 
ideas on all matters affecting the construction and maintenance of 
roads in India; to recommend standard specifications: and to pronde 
for the expression of the opinion of the 'Rond Engineering profession on 
matters affecting their work. The functions of such a body should be 
strictly confined to professional and technical matters. 


and exchange of 
and maintenance of 


Qualifications for membership.— Subject to the specific or general 
approval of the General Cominittcc, memberrhip should be, open to all 
professionally qualified Engineers engaged or concerned in the con- 
struction and maintenance of roads whether in public or private emnlcv. 
The standard of professional qualification should be not less than that 
required for direct recruitment to the rank of assistant Engineer in a 
Provincial Service. The General Committee might aleo admit persons 
holding the rank of Assistant Engineer in a Proxincial Service or 
equivalent rank though not qualified by examination. In addition the 
professional members, non-profossionnl gentlemen closely concerned or 
-interested in roads should I)C admitted as nssocintes. 


Subscriptions.— There should be only two classes of constituents, 
namely, members and associates. The subscription should be Rs. 10 
jier nunum for members and Pis. 50 per annum for nccociates. 

6. Privileges of constituents. — ■ All membtTs and associates should be 
•on an equal footing as regards almnding .md ppc.nkinc at meetings, 
subject to the nogc-ssarv arrangements regarding travelling allojvance. 
All constituents would receive copies of the lu'inted proeeedincs of 
annual’ Congresses and such other lito.i'atiU’c as may be circulated. It 
must be recognised that foi‘ the majoritv the benefits will lie confined 
to the receipt of the proceedings and other lilerrdnrc. although it is to 
be hoped that a large number of those in the Province in which the 
annual Congress is held will he able to altcoid Any member or 
associate should bo at liberty to suixmit a jiaper for discussion. The 
acceptance of Papei’S will vest in iho General Committee, hut the General 
Committee might find it necessary to delecate this matter to provincial or 
State committees. 

7. Attendance at meetings. — The r.t tendance of pul)lic servants at 
annual meetings of the Congress xxill dcjiond upon the arrangements 
for finance. Tu any event they will be nominated by the local Gov- 
ernment or by the provincial committ-ce. Non-ofiicinl constituents will 
attend at their own expense or at the expense of their principals. 

8. 'Management. — fl'he management of the Congress should he in 
the liands of a Gonornl CommiUee and Provincial or State Committees. 
The funds and properly of the Congrftss sliould vest in the General 
Committee. 


(a) General Comwilicc . — The General Committee should be con- 
•stituted as follows: 

(i) The . Chief Engineor in clinrgo of roads of each Goxeiiioi s 
Province or his nominee. 



(ii) The Chief Engineer of t-he Central Public Works Department..' 

(iii) The Consulting Engineer to the Government of India; 

(Roads). 

(iv) Five representatives of Stales to be elected by the re- 

presentatives of Statqs present st each annual meeting. 

(v) Three rejirysentatives of non-official members and associates. 

elected by the non-official members and associates present 

at each annual meeting. 

(vi) One representative of the klilitary Engineering Services. 

The Consulting Engineer to the Government of India (Roads)' 
would be cx-officiQ Secretary of the General Committee. 

(6) Provincial or State Committees . — ^Pronncial or State Com- 
mittees should be constituted by the Chief Engineer :n charge of roads 
in each Governor’s Province and eeiTtain States and should consist of 
officials and non-officials. The precise strength of the Committee and 
the representation of the official and non-official constituents to be- 
determined by local considerations. The Chief Engineer in charge of 
roads in each Governor’s Province and in each State in which a Slate 
Committee is constituted should nominate a Secretary from among the- 
members of the Committee. 

9. Finance. — ft is difficult to esiimate to what extent subscriptions- 
will cover the cost of printing, postage and clerical assistance. Member- 
ship may take time to grow and tlie Government of India should be asked 
for a Jump sum grant from the reserve in the Rond Account to cover 
any deficit there may be during the first year or two. The largest item 
of expenditure will, however, be in connection with the travelling and 
halting allowances of delegates olttending the Congress and in respect 
of the hire of transport for tours of inspection. The Committee fully 
recognise the force of the argument that the benefits of the Congress 
will accrue almost entirely to Pi'ovinces and States in improved and 
more economical roads. They also recognise the difficulty with which 
the Government of India will bq faced in continuing to bear the whole 
cost of the Congress which is uncovered by subscriptions, if local Gov- 
ernments and States are unable to endorse the value of the, Congress by 
bearing the expenses of sending their dolegutcs to meetings. They feel, 
however, that the reserve in the Road .Account constitutes a special fund 
— a fund which local Governments have not got — specifically intended to 
stimulate research and intelligence. They consider that those objects 
would be admirably served by such a Congress and that the saving of 
a duplicate experiment which the Congress should effect would alone 
be a justification for tliis expenditure from the reserve. They under- 
stand that the cost of the present Congress, including the tour, will 
amount to about Rs. 25,000 and they observe that this is equivalent to 
a grant for the construction of half a mile of experimental concrete 
road. In the present state of financial stringency, they do not think it 
reasonable to ask Provinces and States to defray the cost of their 
delegates. As already stated, Provinces and States have no funds 
specifically earmarked for such pui’iwse.s and for the present at least 
many of them might be impelled to decline to meet this expenditure. 
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not because they doubt its efficacy, but becajee as a matter of general’’ 
principle they have still to abstain from any additional expenditure how- 
ever small and however beneficial imtil their budgets are balanced. It 
may be suggested that the expense involved could be met from existing- 
budget prousions for travelling allowances of road departments, butr 
the Committee feel that that budget provision has already been reduced to 
a level at which adequate inspection is difficult and 'that to draw upon- 
that inadequate provision for relatively expensive journeys outside the 
province or State to attend annual meetings of the Congress w'ould be- 
a disservice to the objects of the Congress. They therefore recommend' 
that for the next two years the Government of India should, in con- 
sultation wdth local Governments and States, continue to defray the- 
cost of these, meetings and they suggest that the approval of local Gov- 
ernments to such a course would be sufficient justification seeing that 
money not expended in this way would ultimately go to road authorities- 
in some form or other.. . Failing this they recommend that the Govern- 
ment of India should jiermit local Governments to defray the cost of 
sending delegates to the Congress from their shares in the Road 
Account. ■ 

10. Place of annual meetings. — The Congress should meet in a 
different Province or State each year by invitation from the local Gov- 
ernment or State concerned. 

11. First General Committee. — ^The constituant Committee appointed." 
to report should, if the Congress is constituted, continue to hold office 
until the next annual general meeting. 

12. Constitution and bye-laws. — ^If the Congress takes permanent 
shape, it will be necessary to have a written constitution and bye-laws. 
These cannot be drawn up until the main lines of the future constitu- 
tion and finance have been nccopted by the Government of India in 
consultation with local Governments. Moreover, it is not possible for 
the constituent Cammittoe in the short time at present available to 
attempt to draft these. It w-ill therefore be. necessary for the Com- 
mittee to meet at some future date for this purpose. It is observed 
that the General Conunitioe will not normally meet, save at the time of 
the annual Congress, but that on this occasion this will involve certain 
non-rocurring expenditure which will presumobly have to be defrayed'’ 
from the reserve in the Road Account. 

13. Sub-Oommitteo. — ^The General Commitlee has accordingly- 
appointed certain Sub-Committees, to undertake certain necessary work 
during the current yc-nr and to report to the Genei-al Committee, as- 
follows: — 

(a) Drafting Committee — 

' Mr. A. Brebner. 

Mr. 0. F. Hunter. ' 

Rai Bahadur A. P. Vnrma. 

Mr. K. G. Mitchell. 
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This Sub-Committee will deni with the draft constitution and bye-laws 
land will also act as a reading committee to accept pai)ers for the next 
e'Congress. 

. (h) Technical Sub-Committee — 
f Mr, G, G. C. Adatni. 

Mr. S. G. Stubbs. 

Major W. B. Whishaw. 

Mr. K. G. Mitchell. 

\ 

This Sub-Committee will be instructed to deal first with the question of 
^standardisation of units of weight and measure and of nomencla'ture. 
:It will consider what t-ochnieal questions are most urgent and suggest 
subjects for Papera at the next Congress. It will also act as an advisory 
r research committee to recommend lines of furtlicr research and experiment. 

14. Venue of next Congress. — ^The Committee consider that the 
-Governments of Madras and Mysore should be approached with the 
suggestion that the next Congress should bo held at Bangalore and 
.should include tours of inspection from that centre of roads both in 
Mysore and iladras. Failing Bangalore, the Committee consider that 
•the ne:^t Congress should be held either at Madras or at Calcutta 
•subject to the appioval of the local Government concerned.* 

DISCUSSION. 

Chairman: Gentlemen, I understand that you have all been given 
• copies of the very useful report submitted by the Constitution Committee. 
Unfortunately, turough -sheer lack of time, they ha'ce not been able to 
.complete the whole duty placed upon them, but they have given us a 
.very clear lead and I ^ink we should be able to come to some final 
^decisions this afternoon. I propose to begin with nsldng if anybody has 
any remarks to make on the general aspects of the proposal, the general 
-desirability of this Indian Bonds Congress. Thereafter I propose to go 
•through the paragraphs of the report one by one and call for remarks on 
■each. Would anybody like to say anything on the general proposal for 
.-having a permanent Indian Bonds Congress. 

Mr. D. J. Blomfield : With regard to item 3 of the report of the 
Committee, the necessity for a permanent body, I think we all agree that 
this first meeting of the Indian Bonds Congress has convinced us of the 
.necessity for a permanent body; for, not only will it be of groat value 
to us individually as engineers, but also of great v.aluo to the Provincial 
'Governments which many of us represent. It will save Government a 
very great deal of duplication of experimental work on roads as -a-ell as 
keep them informed of the failures and the successes of the various treat- 
ments of roads. I have always thought it was a great pity that wo are 


*An invitation to hold tho next Sowdon of fho Congrps® nt Bangalore lia*> oince boon 
rcoeivod from tho Government of H. H. the yiabnrnjn of My.-ore and hn® boon nceepted 
••by the organizing Secretary on belinU of the Congro®*!. 

tMr. C. D. N. Mearo? of the standard Vacuum Oil Company will serve on tho 
'Tochnionl Sub-Committee vice Mr. G. G. C. Adnmi. 
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unable to see;niul Wir inoi^ of what otiier wovinces are doing in road! 
SI '‘be- creation of this body will oertainly enable us to remSy 

this defect. ' ' . _ _ • ' 

■XhcTP ia J up which I do not, 

think has beed considered ^ the Committee, that is that if one or more- 
mente of .each Provincial Goi^rnment receive the proceedings and; 
papers of the Congress will tliey be entitled to have these reprinted fof 
distributmn' amongst other engmeers m the P. W. D.? If so, there wiU 
be no object in those other officers ]ommg as members themselves except 
possibly when the Congress is held in their province. I think this is an 
■bnporlant point which we did not take up in the Committee. 


Ur. B. F. Taylor: I should like to say. Sir, at once, on behalf of the- 
- delegates from Assam that we are firmly convinced that a Congress of this, 

' nature cannot but. be of the greatest benefit to the profession in India 
flud in particular to Assam. We are extremely grateful, and should like- 
, to place on record now our appreciation of the manner in which the Gov-- 
ernment of .India have launched this Congress (Applause), and for the- 
very generous financial assistance they have given to it. Assam, wbere- 
we corne from, the Government of India have been good enough to labet 
as a ‘backward tract,-’ or any how large parts of it. Well, I think it is- 
'a bit hard to be told you suffer from malnutrition by the fellow who is 
picking your pocket and preventing you from being anything else. I refer • 
of course to tlie fact that the Government of India take the whole of the ■ 
e.\cise duty on kerosine and petrol produced in Assam. But, whether or- 
not p-e are a ‘backward tract’, 1 can a.ssui’e ,you that we engineers who 
have "to make bricks without straw” definitely feel that we are members- 
of the “depressed classes”. As our resources are very limited, it cannot 
but be of great good- to Us to visit other provinces and to hear from 
engineers of other provinces what tliey are doing w-itli their larger resources - 
and the better opportunities they have for trial and experiment, and a 
Congress such as this cannot but be of great benefit. It is all very well 
tfi rend papers, if one has the time to read, which I fancy most of us 
have not, and it is still more difficult to write them, but to my mind the 
value of assembling like this lies not in the reading but in the discussion 
which follows, and still more in meeting the people who have nnitten the 
piyevs or criticised them personally, and also in seeing the actual results - 
which the papers describe. I therefore think, and I do not suppose 
, anybody here holds any other opinion, that this must be of inestimable 
value, ^ and I think it is up to ns, apart fiom passing resolutions and 
adopting the Committee’s Report, to sav what we think most emphatically 
and definitely. I. . therefore beg to suppoi-t the proposal for an annual 
cngiess with all, the emphasis I can command. (Applause.) 


' f ^••Texilon': Mr. Chairman and gentlemen: The Goyemmenfc- 

■Rft oonamitted itself to support the proposal to constitute the- 

tmit ^ permitted two delegates to attend the recent 

sjirii.., 1 Congress, The attitude of the local Government is neces- 
nmn«Ti+° approach of separation and this involves a certain 

tions ' 'A of outlook towards India’s problems organisa- 

than n result of attending this first Congi-ess, T am more convinced 
upon n‘n 'advantages to be s-ained bv establishing the Confess- 

' the I take the vnew'that the opportunitv wbioh 

RTGSg aSoidg of the interchange of ideas and. the facilities it gives- 



dor coming into personal contact with engineers and business represen- 
-tatives is of great value to the local Government. Upon my return to 
Burma I propose to I’ecoinmend to the local Government that it gives it 
wholehearted support to the permanent constitution of the Congress. 

' (Applause.) 

The Hon’ble Mr. E. Miller: Chairman and gentlemen: On behalf 

-of the Indian Hoads and Transport Development Association I should like 
• to give our hearty support to the proposal before us. In fact we consider 
that it is a definite step forward in the progress we are aiming at, namely, 
road development and co-ordination. (Applause.) 

Mr. A. Fipan : Mr. Chairman and gentlemen : My own personal opinion 
is that an organisation such as the one now contemplated is essential. 
We, in Madras, feel that in regard to the problems of modern road 
construction having regard to the present day requirements, we are 
groping to a certain extent in the dark. For that reason and with a view 
to economise, the Indian Hoads Congress, when permanently constituted, 
wilt fill a real need. (Applause.) 

li<ti Bahadur A. P. Vanua: Mr. Chairman and gentlemen: I should 
like to associate myself with the remarks of the previous speakor^j on 
behalf of the various States. They have all asked me to express this 
opinion and they all whole-heartedly support the idea of the permanence 
•of this Congress. (Ai^plause.) 

Chairman : Gentlemen : From the favourable tone of the speeches that 
we have heard and the representative character of the speakers, I think 
we may take it that the pennanence of this body is a proposal to which 
w'o all agi'ee. (Applause.) 

Chairman ; The discussion so far has covered the first part of para. 3, 
the prewous two paragraphs require no discussion. Perhnjjs some 
members would like to so}* , something regarding the objects of the Indian 
-Hoads Congress as defined in para. 3 of the report. 

(Ho comments.) 

P.ariigi'aph -1. — Ho eonniicnts. 

Paragi'aph 5. — conunenls. 

Mr. A. TT’. H. Dean: May I ask if the Committee considered the 
-possibility of having a third class of subscribers, namely, a corporate 
•association of business firms. The International Hoads Congress caters 
for that. 

Mr. K. G. Mitchell : I think this subject was not very much discussed 
•as far as I remember. Mr. Hyde was in the Chair. I think this matter 
was in our minds but we considered that membership should be individual 
and uot corporate. It is very difficult to define the status of a tjorpora- 
tion and how many people from it can get in. 

Mr. H, A. Hyde : The idea was that the membership should be on an 
"individual basis. 

Chairman: Perhaps the sub-committpe might further consider this 
-point as opinion has been expressed in favour of corporate mombersbip. 

Paragraph 6. • 



Major W. B. WhisMiv: I suggest that the last few lines are unneces- 
■sary and may be deleted, namely: “but the General ■ Committee might 
fmdit JieoeBsary to delegate this matter to provincial or State committees." 

Chairman: Is it agreed that the dosing works in the 6th paragraph 
be, deleted? 

Mr. A. W. H. Dean: Does the question of “copyright’* arise under the 
heading ‘privileges of constituents’? I mean to say that nobody should 
be allowed to further publish the papers. 

Mr. K. G. Mitchell: I think the Drafting Committee will have to 
•consider all these details. What I think we had in mind was — and this 
will also meet to some extent the question raised by Major Whishaw — that 
the proceedings would be on sale. But naturally the price of the annual 
proceedings would be substantially moi-e than the annual subscription. 
If they were on sale, presumably they would be under copyright subject 
to the general permission of the Committee to reproduce them for any 
special pvurposes. But that is rather a detail which udll have to be 
^ne into. 

Chairman: Paragraph 7. — ^No comments. 

Paragraph 8. 

Major W. B. Whishaw: I suggest that under paragraph 8 (b) we 
diould add Baluchistan. 

Chairman: That is a point which the sub-committee uill take note 
-of and deal with. 

Mr, A, 8, de Mello: I suggest that the number of representatives 
under sub-para, (a) (v) be increased to 5, so that opportunity might be 
given to those who use the roads to be represented on the Committee. 

^ Chairman: That is another point which -I tliink the sub-conunittee 
■might take into consideration. 

Mr, P, L. Bowers: Hegarding sub-para, (iv) of para. 8, I would 
fiUoffest^thnt such States ns have got a largo mileage of roads should aome 
■on it without being voted for. Dor instance, if we make the limit between 
2,000 and 3,000 miles or more, such States should be treated as a province 
and their Chief Engineer should come on to it without being voted for 
•by the other States.. 

Chairman: That is another point on which the sub-committee will 
have a certain amount of deliberation. 

Paragraph 9. 

Chairman: The Committee has said all that could be said about 
para. 9. I cannot talk on behalf of the Government of India but can 
■only give you my own views. I think this proposal vnll be favourably 
considered, hut you must always remember that the man who pays the 
piper calls the tune. I hope myself the Government of India will not 
be too particular in their specifications bu€T think they are quite likely 
to have something to say about the length of the tune. In other words, 
it is extremely unlikely that we ■will give any indefinite pledge to pay 
•the expenses of anybody who chooses to come. There must obviously 
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be a limit, but in other respects I tbin ir I may say on my own behalf 
that the proposal will be given very favomrable consideration. (Applause*) 

Paragraph 10. — ^No comments. 

. Paragraph 11. 

Mr. A. S, de Mello : I suggest that the first general committee should 
have power to co-opt members. 

Ghaimian'. A point arises from the constitution of the first provisional 
committee which has three members for the States. I understand that 
for the final Committee it is proposed to have Sve members from States. 
Perhaijs the meeting would agi-ee now that for this committee which will 
hold office for the next year the representatives of States should also be 
five. Is there ariy objection to the proposal? 

(No objection was raised.) 

Then we may take it that for the next year — the committee will 
consist of 5 representatives of Indian States. I leave it to the delegates- 
from the States to appoint the two extra members, which I presume they 
will do in the com-se of the afternoon and intimate them to the Secretary.*^ 

Mr. D. Macfarlane : I should like to make an inquiry just out of 
cmiosity. I have no fixed ideas myself on the subject. I want to know 
whether the technical committee who are going to decide on the papers 
that are going to be received have formed any idea themselves yei> as to 
the limit and scope of papei-s. This is an Indian Roads Congress but at 
the same time in our tours we were shown, and we were very glad to 
see it too, certain cases of bridge construction. Are we going to allow 
papers on bridge construction, arboriculture and various other sub-heads 
winch are coimeoted with roads. I have no ideas myself on the subject. 

Mr, H. A. Hyde: Bridges would certainly be included. 

Mr, K. G, Mitchell: I do not think the technical committee N>fOuld' 
necessarily limit the papers. I think our idea was to suggest the most 
urgent matters on which papers would be received. That would not pre- 
clude any body from writing any paper which concerns roads, which he 
thought would be of interest, including bi'idges. All that the technical 
committee did was to suggest certain subjects on which it was very 
necessary that we should have papers. 

Chairman: This matter may be safely left to the discretion of the 
committee itself. 

No remarks on other paragraphs. 

Chairman : That concludes the deliberations of this afternoon. On 
your behalf, I would like to thank the members of the committee for the 
very useful work they have put in in coimeetion with this report. I hope 
the labours of the sub-committee will be successful and that they will 
come to satisfactory conclusions. 


Mr.^ C. D. N. Mearcs then invited such of the delegates as were inter- 
ested in the subject to inspect the soil stabilization work that was 
being carried on at the junction of Badli Eoad and KamsJ Eoad. 

*B,ai Baliadur f. nr. Bhftduri (GwpUor) and Mr. M. A. Zeman wero elected as the- 
■two additional representativos of State?. 
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Chairman-: That concludes the deliberations of this Congress. I hope 
you have enjoyed your tour and the Congress ^since I think some members 
expressed a vote of thanks to the Government of India for putting up 
the money. I think I shall be able to assure the Government of India 
that the money appears to be extremely -well spent. • * 

A vote of thanks was proposed to the Chairman and then the Con'nesa 
dispersed. 


II 
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APPENDIX A. 


INDIAN BOADS CONGRESS TOUR. 

The followingleSt Delhi at 11-36 on the night of Tnesflay, the 4th Decemhei, by a 


specially chaiteied tiam. 

Mr. A. Vipan, Special Engmoer for Ro“6 
Dovolopment, Madras, 

Mr. D. Daniel, District Board Bnpneor, 
Tinnevclly. 

Air. L. E. Greening, Deputy Secretary, 

P. 'W. D., Bombay. 

Air. N. V. Modal:. City Engineer, Bombay 
Corporation. 

Air. D. J. Blomficld, Chief Engineer, 

P. IV. D., Bengal. 

Air, V. A. Stein, Superintending Engineer, 
Caicntt.'v, 

Air. Prrmafha Nath Do, Dietrict Board 
Engineer, Burdwan. 

Air. S. S. Bhagat, Executive Engineer, 
Mcernt, 

Air. A, Eastmond, AI.C., Executive Engi- 
neer, Agra. 

Air. S. G. Stubbs. O.B.E., Supcrinlonding 
Engineer, Ambala. 

Air, S, Bashiram, Executive Engineer, 
Anib.ala. 

Air. 0. H. Toulon. Chief Engineer, 
P. W. D., Rangoon. 

Air. H. Hughes. Superintending Engineer, 
R,mgoon. 

Air. J. G. Powell, Chief Engineer, 

' P. Sv. D. , Bihar and Orissa. 

Air. N. G. Dunbar, Deputy Chief Engineer, 
Patna. 

■Captain G. P. Hall, AI.C., Superintending 
Engineer, Aluzailnrpnr. 

Air. P. V. Chance. Superintending Engi- 
neer, Raipur. 

Mr. B. E. Ta.vlor, V.D., Offg. Chief Engi- 
neer, P. IV. D., Assam. 

jir. G. Beid Shaw, Superintending Engi- 
neer, Shillong. 

Mr. K. E. L. Pennell, Assistant Chief 
Engineer, Shillong. 

Mr. B. N. Chakravarty, Alnnicipal Eogi- 
. ncer, Delhi. 

Air. A, Crond, Superintending Engineer, 
Central P. W, D., Delhi. 

Air. A. IV. H. Dean. AI.C., Execufivo 
Engineer, Cenir.'il P. W. D. 


Air. AI. A. Abbassi, Assistant Engincor, 
Centra! P. IV. D., Delhi. 

Lt.-Col. E. If. Farloy, AI.C., R.E., C.R.E,, 
Lucknow. 

Air. H. AI. Surati, Divisional Engineer, 
Roads, Hyderabad (Deccan). 

Diwan Bahadur N. N. Ayj-angar, Chief 
Engineer and Secretary to Government, 
P. W., Railway and Electrical Depart- 
ments, Alysore. 

Rai Bnh.adnr S. N. Bhaduri, Chief 
Engineer, P. IV, D., Gwalior. 

Air. G, B. E. Trnscott, Chief Engineot, 
Travaneore, 

Rai Bahadur A. P. Varma, Chief Engineer, 
Patiala. 

Air. S. G. Edgar, Superintending Engineer, 
P. IV. D., Jodhpur. 

Air. D. G. Sowajii, Executive Engineer, 
Kolhapur. 

Afr. D. V. W. Oltloy, Chief Engineer, 
Patna (Orissa Slate). 

Air. 6. G. C. Adami, Burma Shell Coro-’ 
pany, Calcutta. 

Mr. H. E. Ormcrod, Vice-President, The 
Indian Ronds and Xinnsport Develop- 
ment Association. 

Lt.-Col. H. C. Smith, O.B.E., AI.C., 
AI.L C.. GenorpJ Sccrctaiy, The Indian 
Roads and Transport Development 
Association. 

Mi IV. J. Turnbull, the Concrete Associa 
tiou Bombay. 

Air. 1 C. Marselualko. !]^xns Company, 
fi'-mbay. ‘ 

Mr. IV. H. Kerr, Shaw IVollace and Co., 
P.ombTiy. 

Air. Nurmahomed AI. Chinoy, The Bombay 
Garage, Bombay. 

Mr. W. H. Rowlands, Bnrmah Shell Com- 
p.iny. Now Delhi. 

Air. R..W. Pavfchurst, A.ALI.E.,^ Anst., 
(Trinidad Lake Asphalt Operating Co., 
Ltd.. Sydne.v, N. S. IV.). 

Air. K. G. Alitcholl. C.I.E., Consulting 
Engineer to the Govt, of India (Road°}. 
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••to' Government, PunjtiTj, Mr. G. H. Hunt, M.C., Under Secretary to Government, Pun- 
jab, and Mr. W. Brodic, Bnrmah-Sliell Company, Karachi, joiped the party at Amwtsav 
and Lahore. , 

3 On arrival at Amritsar the party was mot by Mr. Maofarlane, Rai Bahadur Lala 
••Sant Bam, Superintending Engineer, Mr. L. A. Break, Executive Engineer, and Lala 
Behari Lai, Assistant Engineer, and after a short visit to the Gold.in Temple Jeit for 
Lahore inspecting the Grand Trunk Bead from Amritsar to Lahore, Mayo Boad, 
the Mall at Lahore, and a short portion of the Multan Road, particulars of which 
were furnished by the Punjab Government ns follows : 


AVednesdav MonxiNG, December the Snr. 

I, Grand Trunl: Hoad, — Atnritw to LaTtore . — This section of the Grand Tiimk 
■Road connects the two largest cities in the Punj.ih. It is, therefore, of particular 
interest to 'Engineers as it is subjected to very heavy nnd_ fast u-oving tralUe. the 
intensity of wliich gradually increases towards Lahore where it reaches a iiguro of 560 
tons per yard width per day. 

With the exception of tbo porlion.s in the vicinity of Amritsar ^nfl Lahore the width 
of this section was originally the same as that of the remainder of the Grand 'i'runk 
■Road, i.c., 12 feet. It has recently been increased to 20' and is tiso cnly continuous 
stretch of road of this width in the Province. This increase is .a very great improve- 
ment both in convenience and safety to trallic, e.«pccially during wet weather, as 
vehicles can now pass or overtake one another without having to go on to the berms. 

Tlic road throughout consists of water bound limestone macadam, suitacod with 
-Slmlimar T.ir, the specification for the latter being ns follows per 100 sft. of surfnte : — 

Ist coat . , . Shalimnr Tar Xo, 2 . , . , 28 Ihs, 

Grit (r— J"/ 3 c.ft. 

2nd and subsequent Slmlimar ’Tnr No, 2 . , . . 14 lbs. 

coats, 

Grit(g'-_J'’) U-2o.ft. 

Many of the miles have not been rceonsolidalcd since 1927, while tar surfacing is 
lenewed on an average once every 18 .months. 

IVitliin about 9 miles from Lahore ;(wh 0 re nTrangements have bci'ii made by the 
'Dunlop Rubber Company for a demonstration of a pncurantic-tycd bullock i .iit) it 
will bo noticed that owing to the existence of brickfields there is r. large increnst in 
traffic of heavily laden bnllock-carts. These with tlioir iron-tyred whoeis cause heavy 
■wear, more especially on the loft hand aide of the ro.id. Owing to tin’s and llui other 
heavy traffic, funds recently been allotted for inorcasing the width of the road from 
20' to 30' between the Shalimnr Garden.s (mile 306), and the Bailway underbridge (mile 
309^) and the -work is abput to commence. 

The short length of the hoaA’ily trafficked one way pas.'ages through the Bailway 
nnderbridgo has recently been reconstructed with reinforced cement concrete {1 :2 ; 
3^) of 7''-5"-5''-7'' section and tar surfacing which appears to be standing up very well. 

II -Maifo Hoad . — This road which is the main route between Uic Bailway iStation 
and Lahore Cantonments is subjected to very heavy traffic of all descriptions with the 
exception of , hnck-ladon bullock-carts. Tho absence of this latter type of tvaihe as 
comp,arcd with tho Grand Trunk Bead is evidenced by tho increased life of tho road 
which has not been reconsoli dated sinco 1925 but is resurfaced with tar on an 
■at’-orago once a year, tho specification being the same ns quoted above. 

I'ho Hall . — This is the most fashionable and heavily trafficked tboronghfnre of 
Lahore. No bullock-carts of any description, aro allowed to use it with tho result 
that it has not been found necessary to rcconsolidato it since its first reconstruclion ns 
long ago as 1916. It is resurfaced with tor on an average every second year. 

IV. Hvltan,' Hoad . — Tliis is anotbev 'instance of a road which is snbjccled to heavy 
wear through incoming _ brick-laden bullock-cart traffic, IVork is about to start (with 
y 50_ per cent, grant-in-aid from tho Resorvo of the Central Road Fundi on a 
7 wide concroto jwack on the wesi side of tho road to which, it is hoped, tho 
incoming oart traffic ■ will be entirely ■ confined. Tho work is in tho nature of an 

U 2 
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experiment, and should it prove successful & similar track will probably be provided om 
the east side at a later date. It would have been preferable to adopt the same 
procedure Avith regard to the widening of the Grandl Trunk Koad referred to above,, 
but the cost is prohibitive at present being approximately four times that of a 
surfaced water bound macadam road. 

ft 

4. The whole party was then entertained to lunch' by the Hon’hle. Sir Jogendra 
Singh, minister of Agriculture who, after lunch, welcomed themi in the following 
speech : — • 

I 

G'cntlemen, It gives me great pleasure to welcome you all here today and to be- 
the first person to wish the Indian Hoads Congress all success on the occasion of its- 
first gathering. I feel that the inauguration of this Congress which has brought toge- 
ther eminent engineers and public men, marks an epoch in uhe history of road' 
development in India. I know, we owe it to the energy and enthusiasm of Mr. 
Sfitchell that this Congress has met. He and I have worked together in the Punjab 
and I know how anxious he has always been to weave a web pf communications. I 
remember asking him to make a start by inducing the District Boaids to begin with 
10 miles of hucha motorable demonstration roads. It ws not long before we had 
graders working almost in all the districts. The Buildings and Hoads Branch now 
maintains good hucha service roads, where cars can travel at least at the rate pf 40' 
miles an hour. 

I cannot help feeling really proud that your organising Secretary bus relied o'n the' 
principle that "first impressions are always the best" by selecting the roada of 
this Province for your first tour of inspection. He has been travelling throughout the 
whole length and breadth of India and he naturally knows thp state of road 
development in other Provinces better than I do, but if latter mysdf that he has 
chosen us, not because he himself is a Punjab Engineer hut because he realises that 
here indeed you ■will have an opportunity of seeing the results of a well considered' 
and well reg^ated programme of road development. 

We can, with some jiride, say that the Panjab has endeavoured to meet depression by 
overcoming it by carrying out such measures of development as ite finances permittedl 
From 1926 onward we have added 1074 miles of metalled road and 563 miles of 
nnmotalled road. I ■wish I cordd have added many more thousands of miles and' 
connected up every village. It seems to mo that if we are to underuike the opening 
out of village communications the whole road system of a district shonld come' under 
the Buildings and Hoads Branch. I am considering the possibilities of making am 
experiment in this direction. 

We have done something in the matter of planting road-side trees. Our engineers 
are beginning to take a pride in their roads, and I am sure in a few years they 'will 
make our roads as attractive as possible. There is no reason why fooinaths should not 
mn under the shade of trees and foot passengers should not use these in prufercnce. 
to the hard surface of the road. 

Yon Engineers are inclined, and quite naturally, to regard the Finance Depai'tmoni!' 
as your worst enemy, especially in times of financial stringency like the present and' 
you probably find it difficult 'to impress on the man in the street that it is only the 
want of money that prevents you from providing the whole country -with "Brookland' 
Tracks”, but "you are always, or nearly always, on a sound track if you can imbue 
your Finance Department with the Bookies’ Motto that “if you want to pick it up. 
you’ve got to put it dorni”. In this respect you will find that wo have succeeded to 
some considerable extent. By persuading the Finance Department to "pnt it do'wn’’ 
in the shape of money for surface treatment, we have enabled them "to pick it up’’ in 
savings on maintenance, and oar only grievance is that they are reluctant -to allow ns 
to help ourselves to the “pickings” for further road development. The “pickings” are 
indeed considerable. As an instance I may mention that the maintenance of the road 
which you ■will see this afternoon has been reduced from Es. 3,056 per mile before 
1931 to Es. 1,252 per mile since the completion of surface treatment. The extent of this 
sa'ring throughout the province may be well imagined when I saj that nob only 
the Grand Trunk Hoad has now been surfaced from end to end* throughout the 
Province but out of 2,719 miles of metalled roads we have tarred 2,123 miles and 
only 596 miles remain- to be treated which we hope to complete in less tnan 2 years. 

I say this because, -with the all too short a time ■which you are snending ■with ns ' 
you will be seeing onl^ a very few samples, and the more suspicious of you may 
think that we are showing you only the best ; but I can assure you that this is not 
the case and that the samples which you are seeing are tjpical of ail our roads. 
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Eoad devolopraont needs funds and tliongt at present the Government of India 
liave not recognised the tax on petrol as a Provincial, excise, colleotsd at the Centro 
for the use of Provinces I can reasonably hope that as finances improve, the Govern- 
ment of India -would pass on to the Provinces the whole of the revenue which motor 
tralRc yields. Our province gives an income of Bs. 28,36,080 as follows from rural 
motor buses and. doesf not include to^vn motors : 

Bs, 


'Central *• 24,24,000 

Provincial ,..•••••• 1,61,600 

Xooal 1,09,080 

Ulisoellanoous ........ 1,61,500 


28,36,080 


'The Bead Fund which yielded n little over a crorc in 1925 now yields li crores, 
showing an increase from 10 to 20 per cent. 

With the introduction of the Central Eoad Fund we are all inclined to regard the 
■Government of India and more especially Mr. Kenneth Mitchell as our “Fairy 
•Godmother" but I suggest, now that you are aU together for the next few days, by 
force of numbers yon will persuade him to bo a bit more liberal with his presents. 
I suppose you know that the 2 annas petrol tax (welcome as it ’s' is a drop in the 
ocean compared to the .amount that tiro Government of India get in iioports and excise 
from the motoring public of all our Provinces. Wo feel thot far from looking a gift 
horse in the mouth avo are justified in claiming a regiment of horses (in spite of the 
face that borsos don’t like tarred roads 1) the Government of India In iu25-26 realised 
•only a revenue of 97 lakhs from excise and custom duty on petrpl, now they get 4 
•crores and 44 laklis. 

As a layman I have no intention of dealing in technicalities before a gather'-ng of 

• experts but I arould make one suggestion at tho risk of offending any reprcsiriilative 
■of foreign manufactures who may bo present, and that is that in your searchings 

■ after knowledge you sliould endeavour as far us possible to conccntcaic on indigenous 
.products of avliich there are many, and avoid the employment of imported preparations 
.at the expense pf tho Indian markets. 

In conclusion I -wish you Jill success on your tour and your subsequent discussion 
in Delhi and I ho 2 )o that this will bo the first of a long useful scries of annual 
. gatherings. 

6 . Mi. Macfarlane then save the party tho following brief additional account of 

■ certain aspects of roads in the Punjab. 

Our object in baking you along tho Multan Eoad this morning was to show you an 

■ example of the serious problem with which wo are faced of devising some form of road 
which will cater for heavily brick laden bullock trafilc. 

Our attoation was recently invited to the successful treatment of the main road 

• outside^ tho railway station at Lucknow and Sir Jogendra iSingli and I made a special 

• inspection of this road at the kind invitation of tho Chief Engineer, United Provinces. 

The road,' which is about two miles in length, is subjected to very hca-vy ti-aflio 
-and in many ways resembles the road which you linvo just seen approaching the Lahore 
railway station from Amritsar. It is actually 40 feet -wide and when it was found 
necessary to renew the outer portions which had been subjected to very heavy wear 
and tear by bullock cart traflic they were replaced -with cement concrete and it is found 
that the bullock cart traffic now rigidly adheres' to these tracks which are 10 feet wide, 
‘leaving a contro of 20 feet for fast moving traflic. 

It appears that the lesser tractive resistance, combined, with tho lighter colour of 
•the cement, is an inducement to tho bullocks to adhere to the tracks and travel one 
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behind the other in a straight line. I confess I was inclined to be sceptical abont this- 
and to believe that the picture which I was shown by the Cement Marketing' 
Company of India as illustrating this was a fake, but our inspection definitely belied 
this. 

IVe, therefore, intend to follow, the example of the U. P. on the Multan Boad, but, 
as wo have succeeded in getting a 60 per cent, grant from the Beserve Fund solely on 
the ground that it is an experiment, the Government of India have agreed in the first 
instance to our constructing the track on one side onlj' for the incoming traffic and 
seeing what happens. 

On the advice of the Chief Engineer, T7. P., ivo are, however, reducing the width of 
the track to 7 feet on the ground that this is sufficient, provided that the bullock 
carts follow one another and do not wander about the road. 

I do not propose to enter here into the details of the construction beyond saying 
that we propose to construct it with six different specifications and that the* question of 
sub-grade on a high made up embankment is one which requires some thought. I 
purposely refrain from going further in this not only for want of time, but because 
I see that there are several papcr.s on this subject which will come up for di.scussion in 
Delhi. 

To continue with the subject of bullock carts, proposals have been considered from 
time to time for the construction of entirely separate tracks for bullock carts parallel 
to main roads on the other side of the tree avenues, but these are very expensive 
involving entirely new bridge and culvert construction. 

Also it must be realised that unless these tracks arc metalled and tarred^ the dust 
nnisance is likely to be even greater than it. is at present, specially with a light wind' 
blowing across the road, and it is doubtful whether the inconvenience to traffic now 
caused by bullock carts adhering to the tarred surface is not counterbalanced by the- 
dust nuisance when they travel on the berms. It would be interesting to know what 
experience other provinces have in this respect. 

On our way into Lahore this morning we saw examples of pneumatic tyred bullock 
carts. I am sure you will agree with me that their universal adoption would solve one 
of our most difficult problems. 

The Lahore Mall is an excellent example of a road which is confined to rubber 
tyred traffic and which in consequence has not been remetalled for nearly 20 years. 
Unfortunately I personally can see no way in which bullock cart owners can be induced 
to nso rubber tyres unless perhaps the larger municipalities can be persuaded to- 
encourage their use by inflicting a heavy wheel tax on carts which have not got Uiem. 

In the small descriptive pamphlet which will bo handled round before yonr toui* 
on December 8, I have referred briefly to the wavincss of the Lyallpnr Boad between- 
Buckeki and Shahdar-i.* This is an interesting feature to which 1 would invite the 
special attention of the members. 

Before the introduction of surface treatment, roads were reconsolidated every 4 or 
5 years depending on the rate at which they wore out. It followed, therefore, that 
there was a natural tendency for the road emst to increase in thickness as the years- 
went on, but even where the surface has been scarified ^any unevenness due to previons 
settlement of the sub-grade has been corrected with new consolidation. 

Now, however, once a new road has been constructed and treated with tar or any 
Jther surface treatment, it is seldom, if ever, reconsolidated. Any settlement in the- 
suh-grade duo to subsequent traffic or any other c.iuse, therefore, remains as a 
permanency which it is impossible to cure without entire reconstruction. 

The section to which I have just referred is a notable example of this and I am not 
jit all sure that one of the remedies does not lie in constructing the brick soling coat 
as far ahead as possible and allowing the traffic to pass over it for a year or so before 
the wearing coat is added — at any rate in cases where the traffic is not excessive. 

We have in the Punjab experience of certain cases where work has been stopped 
on account of financial stringency after soling coat only has been completed. Thus 
there are 3 miles of brick soling coat near Harike which has been done since 1930 and 
with the protection of a light layer of earth has shown practically no signs of wearing. 


*Vide para. 16 on page 281» 
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On the other hand, in a similar case in the Southern Punjab between Hissar and' 
Sirsa where the soling coat has been open to traffic since 1929 it has worn very un- 
evenly'and very badly under fairly heavy loriy traffic and it is now a matter of urgent 
necessity to finish oS the wearing coat otherwise the soling coat will have to bp entirely- 
replaced. 

One item of general interest to which I would like to invito your attention is that 
of our efforts to cater for the convenience of the motoring public with regard to mile- 
stones, direction posts and so on and, although some of the engineers here present may 
have notliing to learn from these efforts, I hope I may be excused for referring to- 
them; 

In the first place we have earned the latitude of the motoring public in recent 
years by turning all our milestones at right angles to the road, with distances marked 
clearly on both sides. Originally, these milestones were parallel to the direction of the 
road and although they were of use in old days when travelling in a tonga, they were 
very difficult to distinguish from a fast travelling oar and it was quite impossible to 
do so at night. 

I well remember the intense boredom not many j-ears ago of doing a 100 mile drive 
at night without liaving the faintest idea where I was and being reduced to stopping 
, every now and again to turn my head-lights on to a milestone. 

You probably all know, the old chestnut about the man who asked the speed' 
merchant who was driving him why he was being taken through a graveyard and 
received the reply : Those aren’t tombstones they are milestones. Well, we cater for 
that typo of driver by having especially large triangular milestones every 10 miles. 

Then, again, opportunity has been taken of utilising empty tar barrels as parapets on 
curves. These liiive been whitewashed and are visible from a considerable distance 
with the head lights of a car and have been very insti-umcntal in reducing accidents. 
The roads in our province are monotonously straight and drivers are often apt to get 
drowsy even in the da3rtime and are caught napping when after a long and straight 
stretch the road suddenly takes a bend. 

1 can remember that before tar barrels were available, I personally started the 
practice of whitewashing the dress on the outer side of the curves and was under the 
impression that the idea was entirely my own, but shortly afterwards when touring 
in Prance I found that this was the regular procedure along the routes nationals. 

As regards direction posts, we have our own standard design of concrete post and 
signs, but we have recently made an airangement with the A. A. N. I. who are 
displaying considerable activity themselves in this direction. A standard design has 
recently been drawn up, embodying our own concrete posts with the yellow enamel 
metalled sign boards supplied by them. They contribute to the cost of erection of 
these posts, the maintenance of which remains with us. 

Their activities are of course mainly confined to the principal to'wns, but they aro 
given the option of combining with us in the arrangement when any new sign-posts 
are to be erected. Experience has shown that the standard design still leaves a certain 
amount to be desired and as the arrangement has only just recently come into force 
members will not have had much opportunity of seeing the results on tho route which 
they have hitherto traversed. I should greatly appreciate any advice on the subject. 

We have had , difficulty in tho past •with ‘kacha’ and unsightly sign-posts erected 
along our roads by local bodies and we have found that the only satisfactory solution 
is to take the law into our o^sn bands and remove them and replace them with our 
own design, 

A certain amount has been done with reflex signs for night traffic but these are 
of course very expensive, hloreover, as they have to be fixed at a low level to show 
off with a car head lights they have become disfigured by malicious people and in some 
cases the lenses have been stolen. 

After crossing the Eavi Bridge this afternoon a largo signpost will be seen at 
Shahadra which was specially designed by the Superintending Architect and wliicli 
is electrically lit at night. 

I 'would like to close by repeating what Sir Jogendra Singh has said about the 
pleasure which your visit is giving us and tho pride that we feel that our province 
has been the first to be selected for your inspection. We arc, I think, justly proud 
of our 2,700 odd miles of metalled roads and of the fact that 85 per cent of their 
length is surfaced. At the same time we realise that we have still a lot to Jearn and 
it IB for this reason, amongst other.s, that we appreciate your visit and will gladly 
welcome in the course of our subsequent informal meetings 'any criticism or adidce 
which any of yon will kindly give. 
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6. Mr. 0. H. Tuelon, Chief Engineer, Surma, proposed a vote of thanks on hehalf 
>oE the membeis to Sir Togendra Singh and Mr. Macfnrlane in the following terms : — ' 

Gentlemen, As one of the representatives of the most distant Province of the 
Indian Empire, and one that is likely shortly to cut adrift from that Empire, I have 
been given the privilege of proposing a vote of thanks to our most kind and thoughtful 
host the Eon’ble hfinister for Agriculture Sir Jogendra Singh for the way in which 
he has attended to our intcllectuiil and physical well being. 

When in April 1933 I was sent to the Road — ^Eail Conference at Simla I had the 
pleasure of listoning to Sir Jogendra Singh’s eloquent speeches made in the interests 
of the Government he serves so well. One could not listen to those speeches without 
becoming deeply interested in all that was being done in the matter of developing 
■conununicatious in the Punjab. 

I never expected however that I should one day have the opportunity of seeing for 
myself the workv of the Punjab Engineers about which I had heard so much. 

I must own that when the proposal to hold an All-India Road Congress was first 
suggested we in Burma were inclined to think that the conditions in that Province 
would make it impossible for delegates from Burma to attend. Hovmver_ thanks to 
the genius of that Master of Co-operation and Co-ordination, Mr. K. G. Mitchell, the 
difiicnlty has been overcome by the Central Government coming to the rescue of the 
Provincial Governments in the matter of providing funds to cover the cost of the 
"T. A. of ihe official delegates. 

It is in cuncequenco of this that I now find myself proposing our most gratefnl 
thanks to our kind host the Hon’blo Minister for the cordial manner in which he has 
entortainei us anti to Mr. Macfarlane and his Staff for the trouble which they have 
taken in showing us so much of the road work in the Province. 


The hciilth of Sir Jogendra Singh was drunk with musical honours. 


7. .4^t about 2-30 p.m. the party loft Lahore for Kathala and arrived there between 
4 and 6 p.n. Rai Bahadur Sant Ram, Superintending Engineer and Mr. R, L, Sondhi 
Executive Engineer, accompanied the party up to ICathala. The special train left 
Kathala during the night. The following information was furnished in respect of this 
section of the G. T. road. 

Wedxesday afteokook, Decxsideii the 5th. 

Grand Trunh lload, — Lahore to Kathala . — ^At mile 0 opposite the Government 
College where several roads meet an experiment is being made vvith an island platform 
to regulate tiic traffic. The proposed platform has so far been delineated with tar 
barrels only with a view to watching tlio effects. The Punjab Goveramont has under 
consideratia-i a }<ioposal for the erection of such island platforms elsewhere in Lahore 
and other centres with a view to reducing tlie number of constables on point-duty. 

After passing the now Lady Willingdon Maternity Hospital and the Fort (on the 
right) and the Chota Ravi, a separate water bound macadam road will he seen on 
the left for Inillock-cart and animal traffic. From the end of the track to the Ravi 
bridge the cattle traffic is, at times, extremely heavy. 

The River Eavi is crossed by a road bridge shortly after leaving Lahore. The 
width of this bridge between whcclguards is 18' only and is far too narrow for the 
congested traffic; but unfortunately the design of the main girders docs net permit 
of further widening. The bridge was constructed in 1914-15 and replaced an old boat 
bridge further down stream. It consists of a water bound lar-surfaccd road on iron 
troughiug supported on 97' span lattice girders, the piers being supported on single 
octagonal brick wells sunk to an average depth of 70' below bed level. 

After passing Shahdara (with Jehangir’s tomb in the distance cm the right) the road 
is reduced to its normal width of 12 feet. It consists throughout of water bound stone 
macadam with tar surfacing. In certain isolated lengths experiments have been made 
with emulsions but no conclusive results have been drsiwii. The tar surfacing is 
Tonewod on an average about once every 18 months. 

The traffic on the 40 mile stretch between Lahore and Gnjmnwala is very intense 
reaching as much as 350 tons per yard width per day in the vicinity of Gujranwala. 
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Tho soil in ■ many portions of this section is very sanely and impregnated with 
.saltpetre. iJonsiderfthle difficulty is, therefore, experienced in maintaining the berms 
•in a satisfactory condition. This is particul.arly evident between miles 16 and 20 in 
tho neighbourhood of Muridko where the sudden drop from the metalled edge to the 
level of the berm is considernblo and .is a_ source of danger to fast moving traffic. 
•Successful experiments have been made in miles 63 and 64 by providing a layer of good 
firm earth watered and rolled, hut the cost is too high to enable this procedure to be 
followed throughout tho entire length of the road. 

The metalled surface in tho last furlong of milo 43 has been provided with brick 
•edging to give a uniform appearance. This costs about Hs. 400 per mile and the 
practice is being continued in cases of now construction elscwhe.”c. 

Tho road bridge across tho Clicnnb Biver is met in mile 65, i it., shortly after 
passing Wa-!irab.ad. Tliis bridge was completed in 1022 and replaced tho old train 
fcriy." Its const inction marked the completion of through bridged communication 
.between Dolin’ and Attock. The width between wheel-guards is 22 feet and tho traffic 
facilities offered by the additional width of 4 feet to that of the Ravi Bridge is very 
■noticeable. Tho roadway consists of prec.nst reinforced concrete slalis 6 fet't‘’'.n length 
resting direct on cantilevered rolled steel beams supported on lattice girders 142^ c to 
c. The piars are supported on single circular brick wells sunk to an average depth of 
■00^ below i'.cd lei el. 

8. Tho party arrived at Attock station at about 9-15 where *hey were met by Mr. 
W. T. Evcrall, Deputy Chief Engineer, Bridges, Mr. A. S. Hay, Executive Engineer, 
Bridges, and Mr. W. E. Gelson. Assistant Bridge Engineer, N”. \V. Rly ; and also 
iby the following officers of the North West Frontier Province : 

lilr. F, H. Burkitt, Clilcf Engineer. 

Mr. A. Or.im, Superintending Engineer. 

Mr. G. A. 31. Brown, Superintending Engineer, 

Capt. Liing Anderson, R. E. 

Gapt. J. R. L. Owen, K. E. 

Cap:. Itohiiison, ll.E., and 

Rai Sahib L Kirpa Ram, Assistant Engineer. 

Mr. Everall very Idndly explained to the party tho reconstruction and rcgirdcring of 
-rho Attock Bridge, with the assistance of a model and photogi'npbs, as follows : 

_ "The reconstruction of the Bridge was undertaken during 1925 — 29. The original 
bridge was designed hy the late Sir Guilford Slolosworth and was completed in 18G3. 
'The photograph [not printed] shows the structure as it Wi-is prior to X925. Tho bridge 
was supported on steel trestle piers founded on the bed rock and on masonry abutments. 
3fa&5ivo masonry cutwaters wore provided on tho upstream aide of the trestles to 
protect them from floating debris during the periods of high water. Tho photographs 
•on tho hoard show in a general way how the original bridge was erected. Tho three 
•260 feet 1-nii spans were built from direct staging and tho two 300 feet river spans 
were erected on timber fan .staging using the weight of tho adjacent land spans for 
’Counterbalance. 

Railway and Road trafTic had so increased by 1921 tlmt tho steelwork was already 
•overstressud under the comparatively light trains then in uso and could not safely deal 
with modern main lino traffic. Reconstruction of tho bridge was therefore taken in 
'hand lowar.ls the end of 1025 and was completed in tho autumn of 1929. The streng- 
thening .scheme consisted of tho roplaceincut of the two river spans hy new steel main 
•girders oreefcad outside tlie old ones and supported on concrete piers bnik up round 
tile old troslle.". The girders are spaced at ^ foci cciitrc.s and the clearances are such 
tliat a Jouble track can be provided at o future date by duplicating the girders and 
rearranging the railway flooring ■system. For the three 250 feet spans tho old main 
girders .yore converted to continuous girders by tho erection of a centr.il pier at each 
span, reinforcing the members where necessary, 'and rcmoclelHnp the floor-system to suit 
tno new loading. 

I propose to describe the foundation and pier work first. Tho construction of the 
tonnd.itiens for tbo pier in midstream which rests on a partly submerged island pre- 
:S''ntcd rhe moat difficult problc-m connected with tho sub structure work. It was 
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Bolved by first constructing a I'offcrJam o£ 15 5 steel sheet piling on the submorgeji 

portion of the island. Soundings rovenled that no lateral suppoit could he obtained- 
for these piles from the rock bod ns the rock pi'ofile is extremely irregular. An inner 
and an outer shell of piles divided into chnnibcr.s filled with cement concrete was 
therefore used and a system of steel framing sevr-ed as n guide .md lateral support for 
the inner rov. of plies. This frame was bolted to a plate girder ft. long which was 
connected to 4 anchors deeply emhedded in concrete. While thc.«c sheet piles were being 
driven, oxeivation for a large part of the foundation of the pier was proceeding, It 
was eonsida’‘ed that to attempt to excavate the whole area of the foundation sininl- 
tancously might lead to tlic sudden collapse of the coffer-dnm svhicb, when founde.tion 
Invel had lioon nlfnincd, svonld he subjected to a pressure liead of 8 to 9 ft. of ■".•nter. 
The excavation wan thcreforo carried on in 6 ft. strips working from the outside 
towards the centre of the pier. Alternalo strips were excavated, and a chamber .at tlio 
end of each strip was provided with a pair of vertical grooves .<=o that, should any serious 
leakage rpccir flirougli the coffer-dam, n shutter could bo let down into them and plugged. 
Two largo fcntrifugal pumps were urod to test the coffor-dam for wntortighlness, and' 
after certain subterranean channels had been plugged with concrete. Ilic cam was 
dewatered and the cement eonerefe was placed up to llie level of the pirr base. Features 
of this work a»e shown in the model. 

Cement in Indian manufacture which complied with the Idritish Standard .'pccificn- 
tion was u«pd ibrmiphout the work. Sand was ohl.nined from LawreTieepnr. PI miles 
from Atlo"k, ns the local sand is nnsuilable. On account of the la^go quantities of 
sand, shingle and broken stone required for the work, cbnte.s were erect od at each end' 
of the iiridge. The aggregates were loaded in hopper-trucks, and pill train loads v.-erc 
conveyed to the bridge site and unloaded through thc'e chutes vrliieh were i-o designed 
that hy nini'iniilation of tr.ap-doors sand and coarse aggregate could bo discharged in 
reparate heaps Cement in liags wa*- also dealt with i»y chutes in dry weather. I'hc 
excavation fai the piers was rarried dnavn well into the bed rotk and this was filled- 
with 1 :2J ':S cement eonrrrte with 15 per cent of boulder plums The foun.datinn* 
for the ilirre new intermediate piers built tinder the centre of the three shorter spans 
and those for the 2nd and 4th main piers presented no difiieiilty. The pier supers- 
triietiires aie Ini'll with an outer skin of precast eemenl concrete block* in one ton- 
units made at ®i!c in special blocky.ards on Iwitb river banks with a hearting of I ; 3 : 

6 mass eoni ret" containing thirty per cent of boulder plum*. Temporary jib crones 
nttacbod to the girder end posts .and worked by pnrmnatie power were used for hoisting 
mnteri.als for nici eonslrnclion 

Hcgaraiug the steelwork — the three shorter spans were converted into continuous 
girders, the central re-.aclioii lioing settled and adjusted cxperimcntnllj by mean.® of 
CnlibratcJ Hydr.aulic Jacks and the new central bearings were set -li such an elevation 
that ibe totn’l shear due to dead load, live and impact wa® redistrilnilcd so as to 
minimise the ncct.ss.ary stificiiing of the web member.® towards the end.® of "be spans 
which .veic .siipporlcd* by direct staging of Rtandard interejianceablc t ^^)0 during tho 
lime the iiiaiu gi.'dcrs were being remodelled. Only the rail flooring sy.stcm required 
strengthening o:i tht.se spans which wa® done by reinforcing the existing cross girders 
and replacing the rail bearers. 

nrectinn nf t\rc new COO ft. n'l-er hi/ cmtilfrcring carh tiaJf f,w«— The anchor 

ann® for e.aiitilevciinp the shore ends of each span avere provided by the adjacent land 
spans. The other ends avere erected from the island pier ro that enc half balanced tho 
other during election. Temporary connections belaa-een adjacent spans aa-ere made by 
rteclwork specially designed and fabricated to 1-e immediately aa-nilablc for new nnall 
inilav.ay iiridge spans on completion of the Altnrk stoelavorl; orertion. Tavo special 
bridge iTSct’oi: crane® operating from the rndwav lr.ack on the _,ld girders avere I'sed 
for bniltHng the e.antilovers. avhich were erected connected at mid man and converted 
to simple trusses before the old avork avas int.-rfircd aa-itb. The eemplclo main span 
in the model shows the old tpan still in place 'r-.-d'' the new stnieliiri', 

Haadug re.ichcd the stage avlien the new ma-n girders and gros® girders had been 
assembled, the weight of the old spans aaa® trar.-ferre d by jack® to the nev.' aa-orl: 
and the old Tail be.arer® were rcplnred by neav orr® The old sleelwork was then 
cut into eona-enienl lengtli®, aa-lieii top booms and avrb sy'lem avere removed, leaving 
only the old bottom booms and old roadway. All this avork avas done under traffic 
during rcslriclcd period® aa-lion the briilge wa® blocked for the pas.sagc of trains. 

I avill noav dcrcribe how the new highway floor avas erected on this main river 
spans. Owing to the voliinie of road Iralfic it avas possible to block the road on the- 
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Tjridcc for only ‘3 consecutive hours during daylight, and this period was chosen to 
coincide with the longest blockperiod lor rail-traffic, A general arrangement of the 
solicme for changing the highway floor is shown on the tracing. Two movable steel 
ramps with trough and tiinber decking wore erected on the old highway over the 
island pier during the night, when the bridge is closed to road traffic. Each lower 
chord of tho old .span.s was divided into five sections by cutting out the livets in four 
main joints, some of the holes being refilled by service holts. Tho ramp on one main 
span was rolled back during the first road block far enough to disclose the first section 
of old roadway which was then freed from the adjacent flooring. Two 25-ton cranes 
lifted tho first* .section of old floor to the level of the temporary ramps. The new road 
stringers were then skidded laterally inlo their final position on new road cross frames 
under :he old roadway, and llio weight of the raised seotioii of old roadway was 
transferred to them^.hy toniimrary ii.-ickinga. Tho liandrailing 'iiid wheclguards were 
then made goad to pass Iraflic nnlil tli# ifcxt Mock, when n similar section of the oilier 
main span was dealt with hi the same way. The road-lronghing was slid into position 
from outside, and the concreting was carried out under tho old work. Tho old roadway 
v/as then finally removed in sections tlic ramps being rolled towards each other and 
fii.ally nocting again over the island pier. 

The concrete loadway was made up in sections 6 feet in length and tho full width 
of the ."oadwny, the joint between adjacent sections being filled v/ith mallhoid fabric. 
It was found iiecc.esary to linlil tho length of the concrete sections owing to tho 
tension and dynamic effccl.= set np by the bolloro chords due to passing trains. 

This is a rnatlci of some interest for bridges carrying combined loads and where 
the roadway is suspended from the bottom chords, because, if the concrete is mado 
in sections of loo great a length, we have found that the concrete invariably cracks, 
and there is nil example of this in tho flooring of the first span whore wc started off 
i.-ith the sLah.s of a considerable longlli with the result that concrete sections are badly 
cracked, but aftei reducing tho longllm to a matter of some 6 ft. to suit the centres 
of the existing cross girders, no further trouble ■was •ixporienced. 

The concrete surfacing is of 1; 2: 4 proportion. It was mixed in 1/2 yard Ransomo 
Air Driven ntachincs erected on tempornry platforms above tho piers. Tho concrete was 
convoyed and deposited by hand and cured for 14 d.ays. 

FLOODS. — tho latter part of tho summer of 1928, when tho sondco staging was 
completely erected under the 257 ft. spans, the great Shyok dam glacier, situated in 
‘.he Karakoram iniigc of hills, some 600 miles from Atloclc, was n ported as being in 
imminent danger ot bursting, and it was cxjiectcd that the release of the pent-up 
water would give a rise of 30 feet at the Allock Rridgc. 

The staging under tho 257 ft. .spans of the bridge was therefore di.smaiith'd m July. 
High floods did not however occur that .season; but it was rc.nlizcd that the dam 
would probably fail during tho following summer, and the work was arranged with tho 
object of completing tho wliolo of the girderwork during tho low-water season between 
October end April, and removing nil the staging and erection-gear out of Ihe danger 
zone, before the river began to ri.se. Tlio steelwork for the now 504 foot spans arrived 
at site in October and November, and Ihc main steelwork was erected and riveted 
and the erection go.ar and temporary strnctiiio were removed from tho flood-area zone 
before alio cad of Jlarcli, 1929, 

The glacier dam broke during August, 1929. It was approximately 4,000 feet long 
and 490 feet high, and had’ formed a lake 12 to 14 miles long and ranging from 1 to 3 
miles wide. Tlio flood reached Atloclc in tho early morning of tho 16ih August and 
rose to a height only 2^ feet heloiv tho previous ju.axinuini recorded level of the 
29th July, 1882, with n'di.schargc of 841,478 ou.sccs nntl a moan velocity of 16 feet 
per second. On the 28lli and 29lh August, floods in the Indus valley syiiclironizctl with 
foods in (1)3 Kahn! and Haro rivers, with llio result that at Attook the water lose 
41 feet anovc the oidinary monsoon level and 61 feet above the ’ow winfer level; this 
IS 6 feet .-iliovc (in> previously recorded height. During the period of maximum dis- 
charge both til" Haro and the Kabul rivers were also in high food, and con.siderablo 
teding np of the, water occurred in tho gorge, ns the Haro river runs in lower down. 
The Executive Engineer of the Discharge Divi.sion of the Piiiij.ab Ti-rig.-ilion Depart- 
ment estimated that., when tho river was running at il.s maximum on tho 28th August, 
i-he dischar.gj was 817,000 riisocs, and an averogo velocity of 13.2 feet per second. The 
afllux at piers Nos 2 and 3 was 6 feet. 
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While the river was m high flood, the bridge was being tested by trains running 
"up to 40 miles per hour. The contour of the nose of the piers causing an afflux of 5 
feet proved very successful in deflecting large floating timbers, which, scarcely cams 
in contact with the piers. 

An ibuonual flood in the Indus took place in June, 1841. Gapiain Mackesen, then 
Political Oflicev at Peshawar, reported that rumours were prevalent that the conrse 
of the Indus iu the mountains in the regions of Nanga Farbat had been intermpted 
by a landslide ; and, although the discharge was abnormally low, little credit was 
attached to the rumours. However, between the lOlh and 12th June of that year, the 
river broke through and a lake 40 miles in length, 1,000 feet deep, and several miles 

in width ivas released in 48 hours. All tlie country near the Attock gorge, to 40 miles 

away and^ within 10 miles of Peshawar, was overflooded, and the river was reported 
to have risen 80 feet in the Attock gorge. Many towns and villages were completely 
swept away, and there was a heavy loss of life. 

The entire work was carried out by the Bridge Branch of the Jlorth Western Bail- 
way and the Executive Engineers in cliarge were Mr. T. Bingham, from commence- 
ment until March, 1928 and from that period until the completion of the bridge in 

August 1929, Ml ^ A. S. Hay who is with ns to-day. Mr. Qelson, who is also here, 

was the engineer in-charge of the erection of the steelwork. 

A word about the cost of the work, which totalled nearly Bs. 25*00 lakhs, divided 
•as follows : — 

Lakhs. 

Pier work 10*25 

Girder work. ... 11.00 

Tools and Plant 1*76 

General charges 1*90 

The total cost was slightly in excess of the original estimate. 

^ A few copies of my paper Ho. 4767 which was read before the Institution cf the 
'Civil Engineers (London) on the reconstruction of the bridge, are available with me 
for distributicu if any members cure to have them.” 

9. After jMi*. Evei*airs lecture the party went down the river bed and inspected the 
concrete work and foundations of the bridge, before leaving Attock notes and memo- 
randa on the roads to be visited and the points of interest to be noted in the North- 
West Frontier were given to all members. These are reproduced at Appendix AI. 

10. The party left Attock at 10-15 A.st. and after stopping at Khora, where the 
Sappers and_ Miners were launching a “Meccano” span as part of their training, 
examined various points of interest referred to in the notes. 

11. The pneumatic tyi*ed and iron tyred experimental tracks in mile 267 were 
most interesting. Tw*o identical tracks had been consolidated and on one there 
were two iron tyred bullock carts each 2,500 lbs. of stone and on the other 
two rubber tyred bullock carts carrying each 5,000 lbs. of stone. The latter appeared 
to travel faster and with less effort. The track under rubber tyres appeared to be 
undamaged but the other had been badly worn. 

12. In the afternoon the party travelled via the Adozai Bridge to the Gandab Bead 
and back returning via the Michni Eoad ride items 2, 3 and 4 of Appendix AT. 

13. Eeturning to Peshawar at about 5-30 the wliole party then attended a lecture 
at the Peshawar Club by Lt.-Col. Wakely describing the road up the Khyber Pass., 
After Col. Wakely’s lecture, Jfr. Powell, Chief Engineer, Bihar and Orissa, thanked 
*Col. Wakely for his lecture and the remarkable arrangements made for tie whole 
party both, on the road and at the railway station. 

14. On the ^llowing day the p.*irty left Peshawar in the morning and visited 
the roads up the Kliyber Pass which were explained by Col. Wakely. They also 
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inspected tlie road-bnilder nnd compressor described in item 7 of Appendix AI. On 
tho return journey they lisited tlm sml Elalnlisntion expeviments at Garhi Hassan 
(item 8, Appendix AI) and after seeing tlio plant described in item 9 and certain 
earth roads in, the locality, letiirncd to Peshawar. 

15 The special train left Pc-iliawar on the evening of the 7tli and arrived at 
L^-allpur at 9-20 A, at. on December the 8th where the party was met by Sardar 
Bahadur Gurlmlt'b Singh, finpcriiii.unling iCnginrer, and Itir. H. A. Harris, Execu- 
tive Ensincer, Lyullpnr. I'hs party proceeded in cars from Lyallpur to the Jaran- 
wala jVaarfi and thence along the Ly.nllpnr-Lahore Bead to Lahore, the follotving 
description of the road having been issued to mcmher.s in advance. 

Lijallpw-Tjahorc Road . — This road is of parliciilar interset as it affords several 
examples of doparluro from the usual specification of tar-surfaced water bound macadam 
which has been' adopted tlironghout the province. Details of the various types of 
road are given below 1— 


. miles. 

.Soling. 

. 

! 

Wonriiig Coat. 

Lost dale 
of Con- 
solidation, 

Average interval 
of 

resurfacing, , 

, 86*"^0 

Saiigla Hill 
St One. 

IVator bound limest one 
with tnr surfacing. 

1930..31 

IJ — 2 years. 

66—40 

41“ brick 

Ditto ditto 

1928-31 

1 — li j-enrs. 

46 

If • 

Liinc«lono with tnr nnd 
pitch grouting. 

1D2S 

]| — 2 years.* 

4-1 

f| • 

Brick ballast with (nr nnd 
pitch grouting., 

1028 

2 years (Inst but-- 
faced in October 
1932). 

43—39 

f| • 

Water bound limcsl one 
with tnr Hurfacing. 

1028 

Ditto. 



31 Brick ballast with bitu- 
men peiiotratioii. 

1927 

Y * 

UO' ' 'J40 

fl • 

1032 and 1933 
oiily.'l- 

22—7 

fl • 

Water hound lime.stono 
with tnr surfneinp. 

1928-29 

Olio year. 


Tho portion between Buchohl (mile 50) and Sbalidnra (mile 5) yns oiigina y 
constructed to its present specification between 1927 nnd 1929. It noticca, 

more especially when travelling at high speed, that the surface is distinctJy wavea. 
This is duo to some extent to tho fact that tho sub-grado has selUcd unovonly, 
there being no means of rectifving this dofoct with subsequent ^ j 

hecn possible in tho past on other roads where water bound macadam has been ep 
with fresh consolidalion. 


16. Near the JnranwaU ^!andi tho parly inspected abont half 

■ckwaya lard on earth road which wero of considerable rntercst vide. App 


trackway 
ATI. 



tonr 
left 
December. 


• Cost about Rb, 1,000, per mile more than tar surfaced wotor bound rnneadam. 
t Cost obout Rs. 2,000 per milo moro Ilian tnr surfocod water bound mnondatn. 
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APPENDIX A-I. 

INDIAN BOADS CONGKESS 1934— TOUR OF INSPECTION IN THE NORl’H 
W^EST FRONTIER PROVINCE. 


Item 1. — Grand Trunk Road. 

There is nothing of special interest to note along this stretch of the road. Generally 
-it is in a satisfactory condition with a good motoring surface. 

Width . — ^After the Punjab section on the other side of Attook Bridge it will be 
noticed that the width has been increased from 12 feet to 16 feet. This is an improve- 
ment from every point of view. There is a greater sense of security while driving 
and tho intensity of traffic loading is decreased. The latter is an important point as 
it has been experienced on tho Nowshera-hlardan road that while the part which is 
16 feet wide is in good condition that which is 12 feet wide is a constant source of 
.trouble. 

Surfacing . — ^10 miles of the above stretch of the Grand Trunk Road have been 
surfaced with g" premix tar mats, the remaining 11 being water bound macadam with 
tar surface painting. Most of the mats were laid in 1932-33 and are therefore 2 years 
.old and it is hoped will not need renewal for some years. Very little patch repairing 
has been needed on these miles. 

* The other miles were mostly remetalled (and widened at the same time) in 1930, 1931 
and 1932 and tar surfaced. On an average they are 3 years old. They have needed 
.Dccasional patch repairing and on an average have been rosurfaced with tar every 2 
years. 

Traffic . — The intensity of traffic varies from 150 tons to 350 tons per yard width 
:per day. 

Nowshera to Peshawar. 


Traffic . — ^Here the traffic intensity increases to 350 tons and up to nearly 1,000 tons 
per yard width per mile (for 2 miles or so near Peshawar). 

General . — The surface oh this stretch does not compare with the stretch just passed 
over. It IS generally uneven, but eSorts are being and have been made to improve 
this. The use of straight edges, in addition to camber forms is producing hotter results, 
and the marking of pools of water after rain has also been resorted to with success. 

Very heavy bullock cart traffic is cxpciienced. Notices have existed for years 
stating that the maximum load is 25 maunds, but loads up to 65 maunds per bullock 
cart are frequent. The notices are not apparently legally enforceable and it has been 
suggested that the Local Government should legislate in cider to save the roads such 
nn excessive burden. The follov/ing are items of interest and halts at these points are 
proposed : — 

(1) Experimental work on miles SS9, and 2C0 near Pabbi village. 

1st half Mile 259 . . . (1) premix tar mat on') 

scarified and regarded I 
subgrade. I 

I Completed 

2nd half Mile 269 ... (2) Water bound inacndam t September 

with tar surfacing ) 1931, 

painting. j 

Milo 260 .... (3) H" premix tnr mat. J 


(2) Pneumatic Tyred and lTon.,Tyred Bullock Cart experimental tracks. Mile 267. 


The object is to obtain comparative data on the efteot of bullock cart traffic on road 
-surfaces. The possibility of a subsidy to assi.ot buUoclt cart owners to fit pneumatic 
tyres is under consideration. It may be noted that the section carrying iron-tyred carts 
broke up rapidly and had to be repaired wliile the pneumatic tyred section is intact 
Experiment started 9th October 1934. 


(3) Failure of 1^" Premix Tar Carpet. Mile S?2. 

Mat laid in 1933 (June). Water not used during consolidation. Has rutted badlv 
and ruts have been repaired without much success. It is questionable whether thick 
.mats, premixed with tar, are a successful proposition. Tho provision of side support 
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(4) Itemetalling and surfacing part of mile S7S. 

Por some time trouble has been experienced on this mile which carries heavily 
floaded bullock cai-ts in very large numbers. Various specifications have been tried 
without success. Putting and pot-holing has invariably resulted within 6 months. It 
was stated that the foundation was on made-ground and subject to water logging duo 
do the close proximity of surface water. The w’aler surface of a well close by is at 
dcast 8 feet below- the foundation of the road. Trial pits were dug through the road 
and 18 inches of concrete-like water bound macadam on 3" of shingle were found. 
There are no soling stones. However 18" of water-bound macadam should make an 
.excellent foundation for any road. Here the proposed work, now in hand, is : — 

(1) Widening from 16 feet to 30 feet. 

(2) Providing kerb-stones to give side support. 

(3) Removal of old carpet, scarifying lightly the sub-grade and reconsolidating 

with 4i" of new metal. 

(4) Surfacing with an armour coat of 3" chippings premixed with Bitumuls. 

(5) 5 furlongs of concrete Boatl, tcitli g" ehippingi! premixeel with Bitumuls. 

The concrete hero was laid in 1933 as an experiment. The method was that of 
dayiug the dry-mix in place and watering and consolidating. This method obviously 
requires knowledge and experience and, in any case, appears to be of very doubtful 
advantage. It has not been a success, having pot-holed badly. The new surfacing 
consists of li furlongs of Colas and IJ furlongs of tar premixeel g" mats. The Colas 
being on the first half of the section. The object is to compare Colas with tar. 

Berms. — ^Thc policy followed is to attempt to make the berms safe for motoring in 
all woallicvs and as far as possible dust jiroof. Shingling and the use of scarified metal 
is resorted to whenever possible. 

Becords . — system of records has been started this year in which the actual costs 
of special repairs and the average costs of maintenance of each mile arc inserted on the 
completion of work and at the end of the financial year, rcspcolivoly. 

Costs. 

dj-rand Trunk Bond miles 262 — 375 {I 4 uiiles of the most hcavdy loaded road in the 

’Province). 

Prom records available the following figures are interesting 

.(«) Special Bepahs, Bcmetalling and Besurfaeing. 

(i) 5 years (1925 to 1828) before tarring was started : Rs. 2,850 per mile per year. 

(ii) 4 years (1930 to 1954) after the Irniisitinn period (1028 to 1930) from water 

hound macadum to tarring and after widening 12' to 16'; Rs. 2,400 per 

mile per year. 

(iii) The cost of maintenance averaged Rs. 700 per mile per year, for whole period 

1925-34. 

(iv) 'Ihc expenditure this year (1934-35) on 47 miles Attock to Peshawar will 

amount to : — 

Special Bepairs. — ^Rs. 82,800, or Rs. 1,760 per mile. 

maintenance . — Rs. 19,200, or Rs. 410 per mile. 

Total Bepahs and Maintenance . — Rs. 2,170 per mile. 

(6) Tar surfacing. 

Per mile 16 feet iiitle. 
Rs, 

(i) Pirst coat tar on water bound imiendam . • • 2,400 

(ii) (Second and subsequent coats 1»B00 ' 

(c) premixed mats, 
including seal -coat 


C.OOO 



Item- 2.— ahcHNi KoAn. 


Ariine P ■? 4 5 7. 12, 14, 15 and 26 to 23 aie 

9 and 13 aw water liound Sracnclam tar painted. 

10 and 11 are untreated and in poor eondilJon. 
good mile-i and if necc.=sary let the l.nd miios -ro. 
and tar these four miles. 


all pio-jni.\- 'i’iir mats (IJ — 2"). Milej ' 
it will ho noticed that miles 6, 8^. 
The )iolii‘y hcio is to maintain the 
Xc-Kt ye.i>' it is proposed to rcmctal 


The Kabul Kiver i.s crossed by 2 luid:;o-. The .•.erond pici of the second bridge . 
gave trouble in 1950 througli scouring of the pier Sliect ]).fing was put in. The 
other piers arc Hahle to give .similar trouble. 


Item 3. — G.skdvb IloAn. 

This is a two way unmetallcd motor road stabliscd svitb gravel. The following 
stops will bo made — 

(1) At Dirnd.—Thc de.'^ccnt into the nullah was done in two days by lining the 

cliffs with explosive. It was an uigcut militaiy necessity to get through, 
quickly to Band Camp. The alignment of llie a.'cont is capable of improve- 
ment, but lime did not permit any better alignment during the operations. 

A bridge here would be an advantage, but time of erection was prohibitive. 

(2) Top of Hand Pass . — ^Looking back you see tbo general nature of the ascent. 

Note original path and remains of camel road. Camels were tried before 
the camel road was improved and they readied this place in 2 hours from 
Camp, killing 2 camels. 

(3) Gandah A’«Ha/i.— Site of water Supply Station for Comp Eatlray. Lift 500 

foot. Length of pipe line 3^ miles. Installnlion of this Water Supply 
saved one Battalion. 

(4) Buddhtst Alionment.—An old road discovered by the C. R. B. Probably 

made 2000 yc.nrs ago and in use up ic 100 years ago. A good idea of the 
general nature of the country and its diiricultiea is given from this point. 

{6; T7ie Aoro^jpo.— View of (he Promised Land. Wo would h.ave done belter by ‘ 
coming up the other side with flic road, hut it was iinpossihlo as wo would 
have killed many camels and iimics with the blasting. 

Nora. — -The causow.ays, which arc of special design, arc being Icncthoned to tako- 


Notes ok the Mon-wuxn Road. 

XI- from Pir Kain on the Peshawar-Shahkadar road 

through Hafiz Kor and Hand to Ghnlanni and 6 miles hc.vond tliat place. 

2. Total length ^20 miles. It goes right through the Lower Mohmand conntry. 
3 Tho road was constructed in two main stages— 

Pirst : A motorablc road 14^ wide without bridges, 

Second : A 2.way motor road 22' wide liridgeti 

Time of construction, first stage— 

PirKalatoDand 3 

Band to Ghnlanni 28 days. 

Ghalanai to Yusuf Khol .... 6 miles 3 days, 


Total 


20 miles in 34 days 
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SpRond Stage— 

20 niilos ill a furllioi’ 30 days, or 64 days in all. 

TlicVo mo 150 bridgos and culvcHs; but no bridge more tbnn 2l' span. 

Reasons for bigb .<.|>«ed of ronslnietion «-<p ibe rapid and good organisotion of tbo 
work, and Ibe largo ainniint of nionnrn niacliiiiory iipod. ‘ 

4, Ortjniiifalion.—'Vltn work vns done tmdrr tbo direo.tion of Ibo C. R E PoRbnxMr 
Ursiricl wlm bad a .staff of I Vw .1 Eiigii|u.r, 4 .4r.stt. Riold Engineei-s and 2‘Compnnirs 
Iv. a. 0. Rengal ianppers and Wiueia. The total worlts ataff consisted of 3 Sub^irf 
^ 23 Works Miiiishis togelbrr with tbo necessary Office 

MaiT. 'Iho Stores orgnnisatmn was worked from Pcaba wav and included the Advanced 
Kuginm* Park and the M. E. S. Workshops at liial place ami Ihe Jf, E B Saw Mills 
at Nowsbora. ' ‘ 


5. Transport used — about GO lorries per day. ' 

•6. Tools issued about 30,000 of all kinds. 

7. Explosives used— About 26 ions of Gun|K)wdrr, ndignite. Dynamite and Gun- 
rollon. l3otonatorfi 25,000 and about 24 miles of safety fnr.e. 

G. Iletwoen 5,000 and e.OTiO men were eniployod eonlirinoiisly by conf, radons, tbo Field 
Eiiginrer .and tlie Sajipcii! and Miners. I’liere were 6 mail lontractois, each being 
given a section and 5 iSridge Confraclor.s, Eneb contrador bad one labour camp which 
was guarded by load armed tribe.sriien, 

0. Road machinery used— 


3 Tractors. 

2 graders. 

1 :uUo-palrol, 

4 coin[)ressors. 

1 scrajior, 

4 steam rollers. 


j 60 piimp.s of v.'irioiis kind.s. 

! 6 drag broain.s. 

6 road scrapers. 

1 fire engine, 

1 steam water rail. 

20 lorxy water c.nts. 

r-rrii 4.— AnozAT Bmjxn:. 


Completed 1930. Vibit> pile piers. Driven 21' below rap level, an average of 16t 
below bed level. I'iew No. 6, 7, and 8 (from I’esliiiwar eml) were scoured out in 
.hdy 1932, Depth of scour 25'. Al. E. S. considered lliat ibe cause was partly lack 
of waterway and aceoi'dingly the bridge was bmglhcned by 180 ft. 

Five piers Nos, 23, 24, 25, 26 and 27 were scoured out in .July 1954. These were 5 
out of tho 6 new picr.s in the extension. The. river in a pniod of under 5 weeks 
eliaiigi-d the aligniiieut of its deep bed from ono side to the other of Iho river bed. 

'J'lic iii'opohid.i for. repair and iinpiovenient mo; — 

(I) To retain 21 bays, I’.c., practically wlinf remains of Iho bridge. 

(0) To pul a floor iu lliis length to protect Ibo piles from under scour, roughly 
following ilu! usual jiractiee in weir design. 

(3/ To provide guide bunds to flume the river and J’cducc concentration, tho 
road on each flunk being raised to guido bund level. 

AUi'nmtivut arc — 

(J) A new bridge at a new site witli cither a weii type of foundations or with 

deep well foundalioiis. 

(2; A now bridgo at tbo same site on deep well foimdation.s. 

A;, regard.s deep well found.alions, the aaluiilaled depth of scour is so^ that) 
to be aafe, the wells (or piles) would liave to go down 60'. The sinking 
of Bueb wells would only bo possihlo by the n.so of caissons and comprossco 
air which would lie prohibitively expensive, 

A disi^isoion at site is proposed mitl members are invited to express tlioir views on 
(he probjem 
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6. — Tiir. Kin-r.r.n Koah. ' 

/I. Pexhau-ar in Jnmrvd 0 iniIrK. 

1. This FPclion is Ci-s-Fronticr. 

All ilieso 9 inilos i>io troiitod with Colas. • 

2. Alilo 4 has ri’fcnlly ht’fii roniptnlh'd anil siirfand wilh 'I'nr. A soal coat of Colas 
will later he applied; the idea hi-inp to ohtaiii the advaiila^es of the Rroalcr pcnctraiinn 
of the Tar and nvoidiiip the disadvantace!- of a 'I'nr surface, namely eventual “dying" 
(evaporation of es.'jeiitinl niK) hy means of the told emulsion. 

3. On the first four niile<i llieie is ver.v heavy linllock i-art traffic on the right hand 
side of the lond only. Caits coining into l’*shnwar carry full loads and go out empty. 
Tt is Fiicgested that the right half of th' load should have a higher specification than 
the left hecan'-e of this. The fiontiei is ciwsed e.t .Tamrnd. 

n. Thr Khyhrr Unml /rnm JntiiTiiit tn T.'inttiJ-JiniW. i 

]. There are two mads and a rnilw.i.v l•f■l^^le|| .Tamrnd and Lnndikh.ana. The North 
road is the motor road and the f'oiith mad is the iiir.ivnn ro.id. 

The carvan IrafTic is aery heavy and it aioiild t reale impo'sildn Irnffie conditions if 
this traffic used the motor mad. fn tvo t.i thiee idares the two roads coincide, and 
2'1 feel width is given at the.se jilace--. 

2. The North rend is ,a Iv.o uay .stnfared road Ifi' uide metalling. 

Pr.ai tirall.v the whole load iv ('olna .Mirfafe painting. It carries chiefly motor tmlTic 
and no hiilloch c.ait tinflic. Mile 26 i« I'lliiiinds painting and Miles 27 atul 28 nro Tar 
J'reinix laid in 1933. 

3. Vi ry considernlde ravines have heen niade in the maintenanee esliniales on this 
road hy the pmvision of pioper drainage, and l»y fola'i painting. Dy piaifii'r drainage 
is meant the ronrlnictinn of new let.iining w.dK win re slips oci nrred. enlargement of 
e\istiiig enlvorls and the provisi.m of new ones, end the udaigcnnnl of roadside dr.iins, 

Previous to 1931. tin aiiiinal niainleiiaiu.' e<els were lie, 3.000 per milu per year, 
and now they arc 11s. F.^OO pel mile per year, end the toad is ahoiit three limes ns 
pood a» hefore. 

TVe consider that half the .s.iviiips aie due to painting and half to improved (Ir.aiiinge. 

4. Other improvements made reeenllj are the provision of 3 new bridges at 
K.alnkiislita and Ziiit.ar.i. the huge re nrrt;innent in Mile 15 and inony .smaller re- 
alignments and wideinng. 

In 1926 it fivtU ncirly two hours !•> inotoi fiom T’eshaw.ir to Tiniidi Kolnl, and now 
the journey ran I>e done in 4.6 minute-.. 

5 Halls are Migg.-'-led at the follov-iiig jdacc-- ; — 

1 M,-— .\t Ihe lop Ilf the new let.iiiiing wall. Cost of this rc-nligiiincnt 
was ll-i. J6 000, The two reaer.--in" sl.ituins on the v.nlwny ran ho seen and 
a good \iev. of the two roads is olitaincd. 

2 Aimid — The eatniiice to Alima* jld tToigr. 'I'he Foil is seen .shove. Tt is 

s.sid th.it , whoever hold-. .\l'nii»iid Foil holds the Khyher. There have 
hi't II m.s'iy light* fur these iinpiegnalde heights. 

5. .If, I /.III linniUiK, fine view over the llimluhush r.nigc is ohlained. Chav 
ll.igh Foil is '•’I'll on ihe left and in the fortgio’ind ht-low is the old Iiandi- 
Mnra t'f.inp. The whit*- hmi«e in the distance i< the Afghan Post OflicP 
at I’orhh.iin. 


lar.M 7. — ItoMi Ilrii.nru ano f'oMrnr-sso'n. 

Thr Poiiniinlilei- nintil reiisl-ls nf a ‘'r.-»le:-|iilhn " .39 II. P. IT!*-*'1 Ir.irtor with 
-.J."^''’'al-Ohnate tr.iil l.-iilih-r .allaehnn'id filled to if. 'fhts is a stout steel liladc 
w’ irh can he fived i-ille-r 'liaight nems'. or on :• slaiil with the nghl-hand end le.ad- 
Thi* "-I T**'' ^''If'hand end le.ading. It r.ui al*o he tilled in Ihe vertieal plane 
viiole of the hlade ..mii-r fiatn.* is pisoted id'oiif a heiirontal tr.iusserse avis near 



tlie centre of gravity of th? tractor 1*0 that the blade can bo raise or lowered to take 
a cut below the level of the tractor iltoclf. The raising and lowering mechanism is 
hydiaiilically operated by means of an auxilinVy oil pump driven l)y gearing off the 
tractor engine. This type of inaehine is conipniitivoly new in Jndia, the first two, 
one £0 H. P. and ono 35 11. I’., being received in I’cshawiir District in November 
1933. They have fully proved their usefulness. , 

The road-bnildcr can ho used for cutting out a now road along a hillsido. It can 
also Le used for widening an e.\isting i-oad. You will see it employed on the latter 
kind of work on an unmctalled cart road near Landikntal. The amount of work done 
by those machines varies according to the nature of the work and the hardness of 
the earth or rock. As a general guide the following ligure.s may bo taken for tho 
output of a SO-H. P. road-lniilder in an 8 hour day : — 

^ cu. ft. 


(i) Clay soil SO® slop 

(ii) iilixed earth end stones ...... 

(iii) Conglomerate 

(ivj Half soft and hai-d rock not requiring blasting 

(v) 75 per cent, hard rock not requiring blasting and 26 per 
cent, soft 


GO, 000 

30.000 

26.000 
16,000 

8,000 


The 35-H. P., road-buildor will do half the output of the 50-H. P., but it cannot 
do anything more than soft rock work. 

Kor further details of method of working etc., see Technical Paper No. 10 issued 
by the Kngiiio.or-in-Chicf, Army llciidqumters, iiimla. , 

This portable conipro.ssor set made l>y Ilohnau &. Co., Ciimhoriic, England has several 
inteiestiug features. 

Tho comiircuxor itself is of Hit* llelo-Sbaw rotary typo, very compact and efficient for 
Its output, wliicli is 130 c.ft. ot free air pur minute. This i.s sufficient to run 3 
medium-sized imoumatic drilJs ‘under ordiiiaiy coiidition.s, or 2 if tJio air piping jg long 
or tlio work is very heavy. 

The enfftne is a 36-11. H. P., Dorman cold starling high speed diesel engine. The 
fuel consumption for ordinary running on this type of work is about 11 lbs. of diesel 
oil per hour, which costs us {/.«., M. E. S.) 5 annus per hour, at the price of Es, 63 
per ton. 

The caTriaijn is specially designed with jmeumatic tyres and motor car type spring- 
ing so that it can be towed at speeds up to 20 m. p. h. on a good road. It is also 
easy to handle over bud ground. This particular machine has been made with a 
special experimental design of axle and wheel atiucliment to enable it to bo man-luindled 
over niountaiii xialhs. Tlio wheels can he fixed in an allcrualive position inside the 
frame of the carriage, thus giving a verys narrow wheel (rack. By the employment 
of an adequate uumlicr of coolies on drag mpes, this machine cun ho takeu almost 
arj'wliero a laden fiack mule can go. 

Item 8. — Experimental Swufacing at Gaiuii ITa.sban. 

; I 

1. Tho object of this experiment tvus to find out the niothods and materials most 
suitable for treating a natural clay sub-grade with bituminous compounds. 

It was desired to -find out; — 

(>} Whether a clay subgrade could be st.abilisecl without Ruling and metalling, 
and wlietbcr the treatment given would stand up to traffic. 

(it) A rapid method of treatment with a view to road construction daring 
military operations using materials locallj' avtiilablo. 

2, The stretch of road cho.sen was from the hJortli Circular Hoad to the Budni 
Bridge near Garhi IIas.san. It carries a very heavy bullock cart traffic, some motor 
traffic, many animals and many A. T. Carls. The work was done in October 1933, and 
has been down 14 inonths. 

S 2 



No moiiitenanef ■lehaUoei er hns benn tJlotreil fo hi done ihee the vorh ivai finished, 
so as to see how it would stand, 

3. There arc six sectors each one marked by a figure painted on an angle iron picket. 
The first three have a inch course of gravel underneath (o stabliso the sub-grade 
The second three 'weie laid diiect on the clay sub-grade, v'itli no stabilising gravel. 

4. It ivill be seen that sectors 1 and 4 are much the best. There is only one pothole 
in these sectors after 14 months of heavy traffic. These tiro sectors arc marked by 
red Hags at their extremities. 

5. The brief specification for these sectors is : — 

Lay stabilising course of 1^ inch gravel or else scarify existing gi-ayol sub-grade. 
Leave surface a little rougli so as to get a bond. Spray llitiiinuls XBM 
at i gallon per square yard. Cover with ^ inch layer of gravel, roll and 
broom-drag, llepoat ns nccessaiy according to the traffic to be taken. 

6. ilctually the tliickscss now down (not counting original stabilising gravel) on the 
sectors under inspection is IJ inch, i.c., three treatments as above. 

7. The following general conclusions have been reached as a result of these experi- 
ments : — 

(m) The most rapid and moat salisfactoi'y binder is a cold emulsified asjilmlt. 
It has advantages over other binders of — 

(t) Sapidity in laying. ft 

Ui) Traffic can use the road during laying. 

(iti) No necessity for boiler and no heavy iihint. 

(0) A very satisfactory road can bo made by using an existing gravel sub-grade, 
or importing gravel provided that a good bond with the CMsting sub-grade 
is made. 

(c) Where sufficient labour is available near the road mix by hand is preferable to 

machine mixing. 

(d) A gang of £00 men tan do a mile a <lay to this .specification. 


IiEit 9 — Cradxr Sh at Garhi Hassan. 


1. The object of the demonstration is to show a grader at work to those who 
have not yet used the.se machines. The road being itiade is a connecting itviub 
between the Cantonment and Iho Chigri Mitti road. 

Part of the work is finished and a part easj* of access is being done for Mcmliers. 

2. A grader set, as used here, consists of ; — 

One 30 H. P. Diesel or Petrol Tractor 
One Leaning Wheel Hoad Grader 
One Scarifier 

One Revolving Scraper (not actually present) 

One Drag Broom. 


Other sets can bo made up os desired. 

The tractor is a 30 H, P. Petrol Caterpillar Tractor. 

lorries attached with stores etc. moves along the road as 
It IB built. Xhe machine has built, about 100 miles of earth road in Peshawar District. 

It does ahoul, 20,000 cubic foot of earth per day. 

(rarfot!^'^ Planer, also show 11, is a mainlcnaneo machine. It is pulled by a light 



'J’his nmcliiiie: works on tlie Kojuri Plains roads, whore it has reduced the annual 
•maintenance c.stimates for 114 iiiiles of gi-avcl roads f^roin Bs. 76,000 to Es. 30.000. 

4, A road scratier drawn by bullocks is also shown. It is very diiiicult to get sub- 
ci'dinalcs use this implement properly. 

The Auto-Petrol is driven by a 35 H. P. motor mounted on the rear of the 
frame. The Caterpillar Tractor Coy. now market a Diesel Auto-Petrol. 

it is a maintenance macltiim and lias Dirce tools: — 

(a) The blade 
(0) The Ecai'ilicr 

(c) The multiple blade attachment. 

The blade is for grading and finishing and the multiple blade attachment is for 
smoothing. 

The Auto-Petrol on the Chigri Mitti Eoad haf< the blade fixed, while the maebine 
with the grader set has the multiple blade attachment fixed. 


IxEM 10 — PnsHAWAK- Giaour Mittj Road. 

1. Members will bo shewn about a_ mile or so of this load, which is a typical 
exainjdo of earth roads constructed with money from the Road Development Fund 
in Pc.sliawar Disl’i'ict. We liavc completed about 160 miles of road and many 
Lridgcs on our normal allolinoiit from that fund which is small compared with 
other provinces. 'J'lie general principles ou which w'e worked arc given in Paper 
No. 4^ 

2. TIio Dhigri Mitti road was originally 5 or 6 feet wide and it was usually 
quite impassible to motor oven as far as members are being taken. A few tongas used 
lo work on this road, and their usual method of progress was to iinhnincss the 
pony and jump him over the ditches. The tonga itself was lifted over, and then 
the pony was harnessed up again until the next obstacle was readied. 

3. Tlio road at present carries 450 vehicles of all sorts per day, whereas before 
reconstruction it carried only 50. The traiiic increase has been so great that an earth 
surface is now insufiicient for it, and the road is being stabilised with gravel. 

4. On the 'return journey the girder' bridge over the Budni River is crossed. 
This is an interesting example of the difficnltios of Road Engineers . The bottom of 
the griders was put l^- feet about H. P, L. No sooner liad the bridge been completed 
tlicii an exceptional Hood ciinic down submerging most of the surrounding conntry 
and rcacluiig nearly to the top of the girders. The bridge luckily escaped damage. 


Appendix A-II (to the Account of the Congress Tour). 

EXPERIMENTAL TRACKWAYS NEAR JARANWALA, PUNJAB. 

.An inicre.stiiig experiment of laying a concrete trackway on an unmetallcd road 
has boon recently carried out on the Jnranwnla-Sayadwala Road (Arterial No. 32) 
near Javaiiwala, in tlio Lyallpur District. The three specifications followed wore those 
outlined by the Consulting Engineer to the Government of India (Roads). The 
original intention was to lay an cxpcrinicntal length of one mile of two tracks two 
feet wide spaced 2^ font apart so that, they were tlio same distances, centre to centre, 
ns the wheels of fin ordinary bullock part. An c.st)mato amounting to Rs. 10,044 was 
accordingly framed but for the time being only half a mile has boon laid. 

Tlio primary object of tins trackway is to mako an unmetallcd road, which carried 
normal traiiic, and contains ordinary goed Punjab alluvial soil and capable of stand- 
ing upiu normal traffic, more snilablo for bullock cartsj and the idea underlying the 
whole experiment is that this trackway will be mainly used by loaded bnllock carts, 
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while motor and other voliielos can travel on to the earth road without inconvenience. 
Tlic trackway has heeii laid in accordance with the three ipcoifieations detailed below : — . 

Specification No. I. — [See section at figure (1) sheet No. 1] : Length laid 1,320 
feet in fiu'long.s 1 and 2 

Jiotlom course. — ^IVidth 2 feel 3 ’iichc.s. thicknes.s 9 inches.^ Lime concrete with 
well burnt brick ballast and 33 per cent., 3 to 2 Surkbi and lime mortar. The brick 
ballast was broken from well burnt bricks. 

Top course. — With 2 feet, thickness 3 inches. Portland cement concrete, 90_ lbs. 

, cement : 2 cnbic feet local sand and 4 eft. Pathaukot hajri, gauge 3/8 to 3/4 inch. 
This was laid in lengths of 25 feet with 3/8 inch expansion joints. These joints were 
filled with a mastic compo.-<cd of equal ixirts of iVli'xiihalto and cement and 5 parts sand. 

Under each joint, at the time of c instiuctiun, cement eoncrc-to was laid in place 
of lime concrete vide longitudinal section. 

Specification No. II. — ^Length 660 feet laid in furlong 3. 

liotlom course. — Same as for specification No. I except that the thickness is 4^ 
inches. 

3'o^j course. — Same as for specification No. 1. 

Spcrifii'iition No. III. — ^Titi'gtb laid 66C feet in furlong 4. 

Top course — Same as for specification No. 1. 

liotlom course. — As in specification No. 1. 

Top roiirse. — .V.s in specification No. 1 e.vcept that a channel 1 foot 9 inches wide 
and 1 inch doi>p was couiiti'i' sunk in the cement coiuiete slab which W'as later filled 
with a 1 inch carpet of Prcniis. Five and a half chains of 1 inch carpet was laid 
with Premix composed of Pathankote hajri giadcd Irom 1/8 to J inch and coated 
with 5 per cent, of a mixture of equal paits of Mexphnite and Shelmac. To insure 
good nii,\jng the hajri was also healed. The Mcxphalte was heated to 350“F. while 
the Slielmac was heated to 250‘’F. 

In one chain instead of hitnmen five per tnit of Koad Tar No. 2 was used. In 
a short length the .surlnce of the concrote was painted at the rate of .12 cwt. per 
100 sft. with Road Tar No 2 and the NIe.xphaltc Premix' laid over it. The object 
being to provide a bettor bond between the concrote and the c,irpet. 

Construction — Tln.s work w.is put in hand at the end of August and completed on 
the 9th November and the load was opened to traffic on the i2th. As the original 
level of the road surface u.is lower than ground level, the road .siirfare was raised 
about 1^ feet in the centre and the entire road width of 44 feet between drains was 
dressed to a continuous caiiibov. This earth work w.is laid in 6 inch layers and each 
layer was watered and rolled with a one ton concrete Imllock roller. When the road 
formation gave every induation of being well consolidated trenches wove dug for 
the trackway and the bottom of the trenche.s ivcre again ivell watered and rammed. 
Lime concrete was then laid according to P. W. 11. Specifications in thc.se trenches in 
layers not exceeding 4^ iiichc.s with all joints hrokeii and it was well consolidated 
with hand rammers. When the lime coiicicle .set the cement concrete wearing coat" 
was laid. The cement conccclc was kept wet for about 10 to 12 days after which it 
was allowed to dry and the cxpamsioii joints were filled with mastic and in the last 
furlong the channel in the concrote was filled with a 1 inch carpet of Fremix. A 
hand roller was ii-sod for consolidating the I’remix. 

The actual cost of each type of trackway is giicii on sheet No. 2 below and from these 
figures the cost jier mile has been deduced loi e.ich specification. 

It is too early to make any reliabh' comiiiciits as to wlicthor this type of trackway 
will solve the problem of making nimu-lalled mads suitiihlc for carts in all weathers. 

It is, however, clear that in order to preserve the tiackway it will he essential to 
eontiinially make up tlie earlliwoik between the tiach." and on each side, -so as to 
protect the edges and flic maiiitciuiiice of this in, > be fo costly as to make this type 
of trackway iiiipractic.ahlo. For the purpose of cuiiip,iiiM>n the cost of difierent types 
of inetallcd road, 12' and 9' have been taken out and it appears that a trackway to 
any of the ahov'c .specifications i.s more expensive than a 9' wide metalled water-bound 
road, surface treated with two coats of tar. The justification for trackways must lie 
in low maintenance costs. 
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Snnuir Wo. 2. 


Co7nparativc Sim^mni of coiIk oS Trarltw'itf Ifthl on Artriial J^oad No. aS, unmelofled, 

■* 7ttor Jaranwala in the Li/allpw Distiicl. 


Serial 

So. 

Heme of warl.R, 

Rale. 

Spcclfieatlon 
yo. 1 

([.en|;tli U)0}. 

Bpreiftent Ion 

No. S 

1 

Srrciricntloii 

No. 

([.enRtli RCO) 



( 

^nanllijr. 

Amoiinl ■ 

tlnanlll}. 

AtnomU. 


Amount 


1 


Cfl. 


Ctl. 

( 

1 

( 

rn 


1 

Xartliorork lor roml iinljanl- , 
meat, 

1 0 0 


r.i: 

1 S0,fH> 

1 

I'S 

1 

011,000 

IfO 

« 

Gtearadon lit (ocindAtlODe . 

1 0 n 


I'r. 

1 

I, ft!-. 

r 

?,'iro 

n 

,1 

lilme rnncreic . ■ 

S! h (1 

I.Ct'l 

1 

1,101 

1 

i.oro 

1 

iti 

2,1 ;r 

wm 

4 

Cement ronerili ivork 

!I2 0 S 

1 

1 

1 

1 

1 

0 H 

1 

r.(W 1 

; 1 

1 m 

\ 

s 

Prcmli 1" lliick . 

1 Ctl. 

1 

... ] 


i 

1 - 

... 

m 

1 

1 m 

0 

SnperTlklnn norl, eharcol 
tRlaUhlimcnt. 

... 

Job 

10 

I jiiii 

1 

thi 

Job 

1 


. Tolnl , 1 

... 

... 

%V7i» 


i.m 


1 

1,130 

1 

1 


D-H Contmetor's Aliitcnnnt 

USD 

•• 

ri 


.01 

•• 

1 

1 

1 

j 2nfl 


Total 

... ■ 

" 

i.rn 


o »■« 


4,'.ai 

1 

Co?f of irncXiv.'iy Fproi(icn((nn 
r!o. 1 for one mile. 


P. Mil 

leP.M'O 


1 



' ,2, 

, Cort of lWf*KvraT pprclBcfl- 
tloR No. 2 for otto mile. 




1 

P. Mile 7,0011 



3 

Co'*t of trnrHar Fpccinpu. 
tion iSo, 3 f«f Ore mlloi 

- 


' 


' 

P. .Mile 0,713 


QIPD— e37Conli:ngDotr5pL — 29 .7-35—730. 




